Co-development of biological soil crusts, soil-geomorphology, and landscape biogeochemistry in the Mojave Desert, Nevada, U.S.A. – Implications for ecological management by Williams, Amanda Jean
UNLV Theses, Dissertations, Professional Papers, and Capstones
5-2011
Co-development of biological soil crusts, soil-
geomorphology, and landscape biogeochemistry in
the Mojave Desert, Nevada, U.S.A. – Implications
for ecological management
Amanda Jean Williams
University of Nevada, Las Vegas
Follow this and additional works at: http://digitalscholarship.unlv.edu/thesesdissertations
Part of the Desert Ecology Commons, Geomorphology Commons, Soil Science Commons, and
the Terrestrial and Aquatic Ecology Commons
This Dissertation is brought to you for free and open access by Digital Scholarship@UNLV. It has been accepted for inclusion in UNLV Theses,
Dissertations, Professional Papers, and Capstones by an authorized administrator of Digital Scholarship@UNLV. For more information, please contact
digitalscholarship@unlv.edu.
Repository Citation
Williams, Amanda Jean, "Co-development of biological soil crusts, soil-geomorphology, and landscape biogeochemistry in the Mojave

























!$&&"*--$) &.$--"!$ 2*-$%+.%+$%%" -
)+-("*"3.$*"" -&+)*-("

Doctor of Philosophy in Geoscience 
Department of Geoscience 
College of Science 
Graduate College 
































THE GRADUATE COLLEGE 
 
 
We recommend the dissertation prepared under our supervision by 
 
 






Co-Development of Biological Soil Crusts, Soil-Geomorphology, and 
Landscape Biogeochemistry in the Mojave Desert, Nevada, U.S.A. – 
Implications for Ecological Management 
 
 
be accepted in partial fulfillment of the requirements for the degree of 
 
 
Doctor of Philosophy in Geoscience 
 
 
Brenda Buck, Committee Chair 
 
Margaret Rees, Committee Member 
 
Stephen Rowland, Committee Member 
 
Deborah Soukup, Committee Member 
 
Lloyd Stark, Graduate Faculty Representative 
 
 
Ronald Smith, Ph. D., Vice President for Research and Graduate Studies 







Co-Development of Biological Soil Crusts, Soil-Geomorphology, and Landscape 
Biogeochemistry in the Mojave Desert, Nevada, U.S.A. –
Implications for Ecological Management 
by
Amanda Jean Williams 
Dr. Brenda J. Buck, Examination Committee Chair 
Professor of Geology 
University of Nevada, Las Vegas 
 Biological soil crusts (BSCs) are complex matrices of soil particles, mosses, 
lichens, and cyanobacteria that prevent erosion and influence water and energy balances, 
soil fertility, and vascular plant germination.  The processes that form BSCs, the factors 
that control their distribution, and the ecosystem feedbacks that they sustain are poorly 
understood.  This dissertation employed a novel interdisciplinary approach to address 
those research unknowns through investigations of the micromorphological structure, 
soil-geomorphic relationships, and biogeochemical feedbacks of BSCs in the Mojave 
Desert.   
A micromorphological study of BSCs resulted in a succession model that 
illustrates how crust formative processes and structures change through time.  Tall moss-
lichen pinnacled crusts actively capture dust, precipitate authigenic minerals, experience 
alternating expansion-contraction from wet-dry cycles, and form a surface seal that 
together with dust capture produces Av horizons.  The resulting unique bio-sedimentary 
structures control ecological function and further promote BSC growth.  This is the first 
study to demonstrate a biological process leading to the formation of Av horizons and 
          iii
suggests that BSCs are previously under-recognized critical agents of arid pedogenesis 
and landscape development.   
From a soil-geomorphic study of BSCs a model was developed wherein the ratio 
of fine sand to rocks controls the relative distribution of three surface cover types –
cyanobacteria crusts, moss-lichen crusts, and desert pavements with low to moderate 
moss-lichen cover.  The biological and geological feedbacks that sustain these cover 
types vary predictably across intermontane basins, yielding new insights for land 
management.  Moreover, the physical processes that control BSCs are common to most 
deserts, making these results applicable worldwide.   
An ecological study of BSCs resulted in a conceptual model wherein the sand-to 
rock-ratio, which constrains interspace cover by BSCs and desert pavements, ultimately 
determines the magnitude of the fertile island effect.  Inferred biological-geological 
feedbacks produce three unique biogeochemical patterns that vary predictably across the 
landscape.  These surface cover patterns are consistent within many deserts, potentially 
reflecting overarching controls of resource allocation that operate despite differences in 
total site productivity.  
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Figure 2.1: (A) Smooth cyanobacteria crusts have a slightly darkened surfaces with 
visible crusting. (B) Cyanobacteria-dominated crusts may have knob-like (arrow) 
surface protrusions that also display surface darkening (marker for scale). (C) Cyano-
bacterial crusts form smooth, light colored surfaces between shrubs. 
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Figure 2.2: (A) Moss-lichen crusts have dark, rough surfaces that protect shrub 
interspaces from erosion (scale 1 m). (B) Short moss-lichen crusts are common in 
recent Holocene inset fans and have low surface relief, up to 2 cm (marker for scale). 
(C) Tall moss-lichen pinnacled crusts are composed of complex matrices of mosses, 
lichens, cyanobacteria, and sediments.  Squamulose lichens (l) dominate this crust.
Note the white-colored pinnacle summits that are cemented with calcium carbonate 
(p)(scale 1 cm).  (D) Moss-dominated crusts have a rolling surface morphology and 
low topographic relief.  Eolian sand grains accumulate along the moss surface (1 cm 
scale).  (E) Dry moss-lichen pinnacles show vertical cracking (vertical arrow) between 
pinnacle mounds. Cracks may also occur below pinnacle mounds (horizontal arrow), 
separating the crust from the mineral soil below (scale 1 cm).  (F) Tall moss-lichen 
pinnacles (arrow) occur between desert pavement clasts within Pleistocene and older 
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Figure 2.4: Cyanobacteria-dominated crusts have low surface relief and 1.5 mm thick 
bio-rich zones.  (A) Filament sheets are common features.  (See enlarged image in Fig. 
7B.) (B) Filament knobs create minor topographic relief and are up to 3.8 mm tall and 2 










          75
Figure 2.5: Short moss-lichen crusts have topographic relief up to 2 cm and are 
dominated by moss and lichen cover.  The bio-rich layer is up to 11 mm thick.  
(A) Knobs are common features.  (See enlarged image in Fig. 9A.) (B) Upturned lichen 
squamules increase topographic relief.  (See enlarged image in Fig. 18A) (C) Enlarged 
rhizines are also associated with upturned sediment.  (See enlarged image in Fig. 10C.)  
(D) Filament sheets may act as substrates for lichen thalli.  (See enlarged image in Fig. 
7A.) (E) Tall mosses such as Synthrichia caninervis commonly inhabit these crusts as 
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Figure 2.6: Tall moss-lichen pinnacled crusts have the greatest surface relief with bio-
rich zones approximately 22 mm thick.  Cover by mosses and lichens is extensive across 
pinnacle mounds. (A) Filament knobs are common and may contain well developed 
vesicular pores.  (See enlarged image in Fig 17A.) (B) Hoo-doo structures are common 
protrusions that are often capped by gelatinous lichens.  (See enlarged image in 14B.) 
(C) Small bio-sediment bridges often occur over surface depressions.  (See enlarged 
image in Fig. 21A.) (D) Well-developed vesicular pores are common features within the 
bio-rich zone.  (See enlarged image in Fig. 9C.)  (E) Filament-bound sediments may cap 
sharp protrusions. (See enlarged image in Fig. 20).  (F) Short mosses often grow within 
fine-grained sediments.  (See enlarged image in Fig. 15B.) (G) Curved features and 
lichen-capped towers may form intact or suspended aggregates.  (See enlarged image in 
Fig. 22B.) (H) Bio-sediment bridges may overlie large interior voids.  (See enlarged 
image in Fig. 8B.)


























          77
Figure 2.7: (A) A layer of fines (f), including clays, silts, and very fine sands, and a mesh 
of filaments overlie coarser, unconsolidated sands (c). A lichen squamule (l) inhabits the 
surface of this filament sheet (BES, scale 0.5 mm).  (B) A thin filament sheet includes 
filaments that are likely Microcoleus. (m) forming a thin, layer of slightly compacted 
clays, silts, and very fine sands (f) above a layer of coarser, unconsolidated (c) sands 
(XPL image, scale 0.5 mm). (C) A vertical crack (arrow) penetrates surface pinnacle 
sediments.  A non-biologically mediated aggregate (a) sloughs away from the upper 
bio-rich zone (light microscope image, scale 6 mm).  (All images are oriented vertically 











          78
Figure 2.8: (A) Pinnacles display complex interior void space.  Voids vary in size and 
may be irregularly shaped (i) or vesicular (arrow)(light microscope image, scale 6 mm).
(B) Sediment bridges (b) overlie an irregular interior void (i). Note photosynthetic 
lichen squamules (arrow) appear to be blocked from sunlight. A squamulose lichen (l) 
at the soil surface also acts as a smaller sediment bridge (light microscope image, scale 
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Figure 2.9: (A) A cyanobacterial knob (k) shows irregular pores (arrow). The surface is 
bound by cyanobacteria and cemented with carbonate (BES, scale 0.5 mm). 
(B) Vesicular pores (v) are found near the soil surface (s) within the bio-rich zone 
(petrographic image, scale 0.35 mm). (C) Vesicular pores (v) are common features of 
the upper bio-rich zone (BES, scale 0.5 mm).  (All images are oriented vertically with 
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Figure 2.10: (A) Upturned sediment lies (u) adjacent to Collema lichen (l). Note linear 
vertical to subvertical cracks with infilling grains (arrow)(BES, scale 0.5 mm).  (B) A 
crack or tear (arrow) in a lichen squamule (l) is infilled with grains (BES, scale 0.5 
mm). (C) An enlarged rhizine (r) forms a bulb-like structure below the lichen squamule 
(l) at the soil surface (s).  Note the linear cracks (arrows) between the rhizine and the 
adjacent soil. Sediment above enlarged rhizine appears to be upturned (u)(XPL, scale 
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Figure 2.11: (A) Carbonate precipitates (p) cover lichen squamule (l) surfaces 
(petrographic image, scale 0.3 mm).  (B) A close-up of the previous image shows 
calcium carbonate precipitates (p) permeating fungal cortex tissue along a lichen exterior 
(BES, scale 0.05 mm). (C) Calcium carbonate precipitates permeate cyanobacterial EPS 
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Figure 2.12: (A) Filaments (arrow) found within an interior pinnacle void are coated in 
grains (petrographic image, scale 1 mm). (B) Grains adhere to surface of a taut filament 
(arrow). Note clay-sized grains (f) are embedded within outer EPS material (BES, scale 
0.2 mm).  (C) Filaments (arrow) with attached grains bridge a small gap along the soil 
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Figure 2.13: (A) Thin, filamentous rhizines (r) are partially surrounded by void space 
and are caked in carbonate precipitates (p, yellow minerals). Note an open perithecium 
(arrow) is filled with grains. Perithecia are lichen reproductive structures that release 
fungal spores (XPL image, scale 0.3 mm). (B) Dry lichen squamules (l) are curled and 
detached from the soil surface.  One squamule tops a small bio-sediment tower (t) 
(petrographic image, scale 0.43 mm).  (C) A closed perithecium (arrow) within a lichen 
squamule (l) is filled with grains (petrographic image, scale 0.22 mm).  (D) A lichen 
squamule (l) tops a small sediment tower (t).  The tower is cemented in carbonate 
precipitates (p) and contains a long, thick rhizine (r).  Exudates (arrow) filled with 
precipitates and grains detach from the lower lichen squamule edge (petrographic 












          84
Figure 2.14: (A) A gelatinous lichen thallus (l), likely Collema, has a branching, tree-like 
morphology. Note grains trapped among thallus (arrows)(BES, scale 0.1 mm).  (B) A 
gelatinous lichen thallus (l), tops a hoo-doo bio-sedimentary structure (h)(XPL image, 
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Figure 2.15: (A) A “tall” moss (arrow), likely Syntrichia caninervis, grows within 
loose, coarser grains (c).  Note sediments occur among leaves (petrographic image, 
scale 1mm). (B) “Short” mosses (arrows) grow on a layer of fine, compacted grains (g) 
that is partially detached and upturned from the soil surface.  These mosses are likely 
Bryum or Pterygoneurum (XPL image, scale 1 mm).  (C) Fine grains (g) have settled 
among moss papillae (arrows and dotted outline), which are small bumps found on 
moss leaves.  Epoxy (e) appears as a slightly darker tone than the moss tissue (m)(BES 
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Figure 2.16: (A) Knobs (k) are bio-sedimentary structures composed primarily of fine 
grains (f) and extensive networks of filaments.  Coarser, unconsolidated grains (c) infill 
adjacent depressions (light microscope image, scale 1 mm). (B) A close-up of the 
previous image shows the knob is cemented with carbonate precipitates (p).  The knob 
contains poorly-developed vesicular pores (v) and irregular pores (i). Exposed 
filaments (arrow) are seen near the soil surface.  (petrographic image, scale 0.5 mm).









          87
Figure 2.17: (A) A tall knob (k) protrudes 2 mm above the adjacent soil surface and 
contains well-developed vesicular pores (v) and networks of filaments (BES, scale 0.5 
mm). (B) A short knob (k) protrudes <1 mm beyond the adjacent soil surface.  Fila-
ments are covered in carbonate precipitates (p, yellow).  A linear void (arrow) 1 mm 
from the soil surface parallels the knob perimeter (XPL image, scale 0.5 mm). (C) A 
knob (k) surface displays sharp protrusions (arrow), or tufts, composed of filaments, 
precipitates, and grains (BES, scale 0.5 mm). (D) Close-up of sharp protrusion from 
previous image shows network of filaments (arrow), grains, and precipitates (BES, 
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Figure 2.18: (A) A lichen squamule (l) curls to form a “c”. Note upturned soil (u) fills 
the interior space of the “c” (BES, scale 0.5 mm).  (B) A raft (arrow), which is formed 
by a lichen squamule (l), rhizines (r), grains, and mineral precipitates (p), is completely 
detached from the soil surface (s)(petrographic image, scale 0.5 mm).  (All images are 
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Figure 2.19: (A) A lichen squamule (l) with multiple hair-like, or rhizoidal, rhizines (r) 
tops a bio-sediment pedestal (arrow). The outer edge of the pedestal is formed in 
compacted, clays and silts, while the interior contains irregular interior void space 
(i)(XPL image, scale 0.6 mm). (B) A lichen squamule (l) tops a bio-sediment tower (t).  
The tower contains a thick, rhizine surrounded by fine grains (f).  The tower sediments 
are finer grained than the sediments below (XPL image, 1.4 mm).  (C) The tower (t) is 
topped by a lichen squamule (l) and contains a thick rhizine (r) that is branched.  Note 
some of the rhizine tissue appears to be broken, while an exposed rhizine covers one 
vertical side of the tower.  Note the void (arrow) space between the enlarged rhizine 
and the adjacent soil (light microscope image, scale 3 mm).  (All images are oriented 
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Figure 2.20: A mesh of filaments and grains (arrow) cap a sharp protrusion.  Note the 
subvertical right-hand edge. The morphology of this structure partially resembles knob 
features with its fine-grained particles, but it also resembles hoo-doo features with an 
incut edge (right side)(BES, scale 0.5 mm).  (All images are oriented vertically with the 
top pointing upwards.)
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Figure 2.21: (A) A bio-sediment bridge (b) appears suspended above a depression along 
the soil surface (s).  The bridge is an aggregate of grains and filaments (XPL image, 
scale 0.5 mm).  (B) A bio-sediment bridge (b) overlies a large irregular interior void (i).  
A lichen squamule (l) is found within the void and appears to be blocked from sunlight.  
The perimeter of the void is mostly smooth and is composed of silt and clay grains.
Another fine-grained lamina is found along left side of the sediment bridge (f). A tower 
(t) topped by a lichen squamule overlies the sediment bridge.  The composite aggregate 
of the bridge and the lichen tower make a curved feature (light microscope image, scale 
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Figure 2.22: (A) A curved sedimentary structure forms a “U-shaped” aggregate (a) that 
encloses an exposed void.  The perimeter of the void has a smooth margin formed in 
fine, compacted grains (f)(light microscope image, scale 3 mm).  Coarser, unconsolidated 
grains infill the base of the void (c).  (B) A curved aggregate (a) is partially suspended 
from the adjacent soil aggregate to the right.  A small, sharp point (arrow) tops the right-
most aggregate.  A squamulose lichen tower (t) tops the curved aggregate (a)(light 
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Figure 2.26: An arrow indicates a proposed “toppling” event.  A lichen tower (t) likely 
built up by accretion below the lichen squamule (l).  Eventually this tower became 
unstable and toppled over.  This event trapped a lichen squamule (arrow) within the 
irregular interior void (i). The dashed line marks the contact between the two 
previously exposed surfaces.  This contact is reflected by a vertical lamina of fine 
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Summary of Formative Processes 
Category Process Description Features





Trapping Biostructures capture grains and 






Areas stabilized by physical, 
chemical, and biological 
cements mitigate effects of 









Minerals precipitate in situ, often 
in conjunction with metabolic 






Atmospheric dust is captured 








Surface is sealed by biological 
structures, authigenic minerals, 
or physical crusts; augments air 







Biological structures dry from 
the exterior towards the interior; 
differences in drying rates of 





Heaving Expansion processes 
associated with wetting and 
drying; trapped air located below 






Toppling Mass movement of aggregate 
with rotation along basal axis
Bio-sediment 
bridges
Creep Downslope movement of bio-
sedimentary structures 





Destabilization and downward 
movement of bio-sedimentary 
structures or soil aggregates
Bio-sediment 
bridges
Table 2.2: Summary of processes forming biological soil crusts and bio-sediment features 
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Figure 3.1: (A) Smooth cyanobacteria crusts have slightly darkened surfaces where the 
sticky sheaths of filamentous cyanobacteria have captured and cemented dust (arrow, 
scale 1 cm). (B) Cyanobacterial crusts form smooth, light colored surfaces between 
shrubs (scale 1 m). 
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Figure 3.2: (A) Moss-lichen crusts have dark, rough surfaces that protect shrub 
interspaces from erosion (scale 1 m). (B) Short moss-lichen crusts have low surface 
relief, up to 2 cm (marker for scale). (C) Tall moss-lichen pinnacled crusts are 
composed of complex matrices of mosses, lichens, cyanobacteria, and sediments.
Squamulose lichens (l) dominate this crust (scale 1 cm).  (D) Scattered, tall moss-lichen 
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Figure 3.3: The study area is located within the Hidden Valley Area of Critical 
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Figure 3.4:  Hidden Valley is a semi-enclosed basin in the Muddy Mountains Wilderness 
Area, Nevada (USA).  BSC mapping was completed throughout the entire valley.  
Geomorphic mapping was completed within the subregion outlined in turquoise.  (See 
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Figure 3.7: Results from GIS overlays of BSC units as a function of geomorphic units.
Results show percent cover of BSC units that lie within with various geomorphic units.
Bare_active refers to active channels with no BSCs.  AZ refers to Aztec Sandstone, while 
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Figure 3.8: Results from GIS overlays of geomorphic units as a function of BSC units.
Results show percentage of each geomorphic surface covered by various BSC units.
Bare_Active refers to active channels with no BSCs.  AZ refers to Aztec Sandstone, 
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Figure 3.9:  ANOVAs compare differences in canopy surface cover among 




significant differences from QTa-Qao1.  (A) Parametric ANOVA shows significant 
differences in mean canopy Bromus cover among geomorphic surfaces.  Bars
represent mean standard error. (B) Non-parametric ANOVAs show significant 
differences in median canopy Coleogyne, Collema, Placidium, moss-lichen, 
limestone, and total rock cover.  
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From: "Qay1-Qay2, #Qea, $Qai, %QTa-Qao1
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Figure 3.10:  Non-parametric ANOVA compares differences in median canopy surface 































From: "Qay1-Qay2, #Qea, $Qai, %QTa-Qao1
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QTa-Qao1.  (A) Parametric ANOVA shows significant differences in mean interspace 
total rock cover among geomorphic surfaces.  Bars reflect mean standard error. (B) 
Non-parametric ANOVAs show significant differences in median interspace moss, 
Collema, Placidium, moss-lichen, petrocalcic clast, total rock, and litter cover.  
Total Interspace Rock Cover












































































From: "Qay1-Qay2, #Qea, $Qai, % QTa-Qao1
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Figure 3.12:  Non-parametric ANOVAs compare differences in median interspace surface 
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Figure 3.13:  Soil profile particle size influences surface cover trajectories.  Profiles 
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Figure 3.18:  (A) A late Holocene to recent alluvial deposit shows no sand infilling 
(clipboard for scale).  (B) A close-up of the previous images illustrates how lack of sand 
prevents development of BSCs (marker for scale).  (C) A late Holocene to recent 
alluvial deposit displays infilling by sand (camera case for scale).  (D) Sand infilling 
provides a fine-grained substrate for BSC growth.  BSCs may capture dust and hasten 
the rates of pedogenesis (marker for scale).
A B
C D
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Potential Factors Controlling BSC Distribution  
Factors Select References
soil stability
(Kidron et al. 2000, Bowker et al. 2005, Thompson et 
al. 2006, Bowker and Belnap 2008, Rivera-Aguilar et 
al. 2009)
soil type (Brostoff 2002, Bowker et al. 2006a Bowker and Belnap 2008)
soil parent material (Brostoff 2002, Bowker et al. 2005)
dust accretion (Li et al. 2010)
surface rock cover (Kaltenecker et al. 1999, Quade 2001)
sedimentation and 
erosion
(Kidron et al. 2000, McKenna Neuman and Maxwell
2002, Thomas and Dougill 2006, Wang et al. 2007, 
Lazaro et al. 2008)
disturbance
(Kleiner and Harper 1977, Ponzetti and McCune 2001, 
Belnap 2002, McKenna Neuman and Maxwell 2002, 
Bowker et al. 2004, Berkeley et al. 2005, Thomas and 
Dougill 2007, Eldridge et al. 2006, Thompson et al. 
2006)
elevation (Bowker et al. 2006a)
timing, amount, type 
of precipitation
(Ponzetti and McCune 2001, Belnap et al. 2004, Barker 
et al. 2005, Belnap et al. 2006, Bowker et al. 2006a, 
Budel et al. 2009)
humidity, dew, fog (Lange et al. 1993, 1998, Kidron et al. 2002, Rao et al. 2009, Rivera-Aguilar et al. 2009)
topography (Bowker et al. 2005, Lazaro et al. 2008, 2006b, Li et al. 2010)
local hydrology (Lazaro et al. 2008, Rivera-Aguilar et al. 2009, Bowker et al. 2010b)
faunal activity
(Kleiner and Harper 1977, Kaltenecker et al. 1999, 
Ponzetti and McCune 2001, Brostoff 2002, Belnap et 
al. 2006, Thomas and Dougill 2007, Eldridge et al. 
2010)
solar insolation and 
temperature
(Kidron et al. 2000, Belnap et al. 2006, Bowker et al. 
2006b, Rivera-Aguilar et al. 2006, Cole et al. 2010, Li 
et al. 2010)
soil depth (Canton et al. 2003)
Table 3.1(A):  Previous research identified several potential factors that control BSC 
distribution. 
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Potential Factors Controlling BSC Distribution  
Factors Select References
soil texture and 
mineralogy
(Belnap 2002, Canton et al. 2003, Bowker et al. 2005, 
Thompson et al. 2005, Bowker et al. 2006b, Bowker 
and Belnap 2008, Budel et al. 2009, Rivera-Aguilar et 
al. 2009)
soil chemistry and 
fertility
(Ponzetti and McCune 2001, Canton et al. 2003, 
Bowker et al. 2005, 2006b, Rivera-Aguilar et al. 2009, 
McCune and Caldwell 2009)
vascular plant litter, 
protection, shading, 
competition 
(Kaltenecker et al. 1999, Maestre 2003, Berkeley et al. 
2005, Belnap et al. 2006, Eldridge et al. 2006, Rivera-
Aguilar et al. 2006, Thomas and Dougill 2006, Eldridge 
et al. 2010)
BSC community 
interactions (Maestre et al. 2008, Bowker et al. 2010a)
BSC development 
time or succession
(Belnap and Warren 2002, Thompson et al. 2006, 
Bowker 2007, Budel et al. 2009)
Table 3.1(B):  Previous research identified several potential factors that control BSC 
distribution. 
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Surface Cover Composite Classes 
Composite Class Component Categories
Total Canopy Cover Sum of all plant canopies from line intercept data
Moss-lichen Sum of moss and all lichen cover from point count data
Total BSCs Sum of cyanobacteria, moss, and all lichen from point count data
Cyanobacteria-Bare Sum of cyanobacteria and bare soil cover from point count data
Total Rock
Sum of surface rock cover from 
limestone, sandstone, and petrocalcic 
clasts from point count data
Table 3.2:  Summary of surface cover composite classes used in data compilation 
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CB.1: High Density Cyanobacteria-Bare 
Crusts 2% 68% 18%
CB.2: High Density Cyanobacteria-Bare 
Crusts, Low to Moderate Density Short 
Moss-Lichen Crusts 
10% 64% 20%
CB.3: Variable Density Cyanobacteria-
Bare Crusts, Variable Density Short 
Moss-Lichen Crusts
9% 45% 46%
ML.1: High Density Tall Moss-Lichen 
Pinnacled Crusts, Moderate Density 
Cyanobacteria-Bare Crusts
52% 26% 10%
ML.2: Moderately-High Density Tall
Moss-Lichen Pinnacled Crusts, Low to
Moderate Density Cyanobacteria-Bare 
Crusts
42% 11% 26%
ML.3: High Density Tall Moss-Lichen 
Pinnacled Crusts, Low to Moderate 
Density Cyanobacteria-Bare Crusts
51% 15% 27%
S.1: Scattered, Moderate Density Tall 




S.2: Scattered, Moderate Density Tall
Moss-Lichen Pinnacled Crusts, Moderate 
Density Cyanobacteria-Bare Crusts
16% 29% 36%
S.3: Scattered, Low to Moderate Density 
Tall Moss-Lichen Pinnacled Crusts, Low 
to Moderate Density Cyanobacteria-Bare 
Crusts
13% 11% 72%
S.4: Scattered, Low Density Tall Moss-
Lichen Pinnacled Crusts, Low Density 
Cyanobacteria-Bare Crusts
8% 6% 83%
Table 3.3: Summary of BSC map units and respective surface cover 





















Dominant Vegetation:Pleuraphis rigida, Larrea tridentata, Ambrosia dumosa, 
Menodora spinescens, Psorothamnus fremontii, Hymenoclea salsola, 
Coleogyne ramosissima, Ephedra nevadensis; Lycium andersonii, 




















































Table 3.4(A):  Description of BSC Map Unit CB.1 























Dominant Vegetation:Larrea tridentata, Ephedra nevadensis, Menodora 
spinescens, Ambrosia dumosa, Pleuraphis rigida, Lycium andersonii; 























































Table 3.4(B):  Description of BSC Map Unit CB.2 




























Dominant Vegetation:Psorothamnus fremontii, Hymenoclea salsola, 
Menodora spinescens, Coleogyne ramosissima$Prunus fasciculata, Ephedra 
nevadensis, Krameria erecta, Encelia farinosa; Pleuraphis rigida, Larrea 


























































Table 3.4(C):  Description of BSC Map Unit CB.3 
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Dominant Vegetation:Larrea tridentata, Ambrosia dumosa, Ephedra 
nevadensis, Lycium andersonii, Menodora spinescens; Pleuraphis 




























































Table 3.4(D):  Description of BSC Map Unit ML.1




























Dominant Vegetation:Larrea tridentata, Menodora spinescens, Ephedra 
nevadensis, Ambrosia dumosa, Krameria erecta;Pleuraphis rigida, 
Prunus fasciculata, Bromus rubens, Coleogyne ramosissima, Hymenoclea 
























































Table 3.4(E):  Description of BSC Map Unit ML.2 





































Dominant Vegetation:Coleogyne ramosissima, Hymenoclea salsola, 
Ambrosia dumosa, Ephedra nevadensis, Pleuraphis rigida, Menodora 
spinescens, Larrea tridentata; Encelia farinosa, Eriogonum 















































Table 3.4(F):  Description of BSC Map Unit ML.3 


































Dominant Vegetation:Ambrosia dumosa, Ephedra nevadensis, Coleogyne 
ramosissima, Larrea tridentata, Encelia farinosa, Hymenoclea salsola, 
Lycium andersonii, Psorothamnus fremontii, Krameria erecta; 















































Table 3.4(G):  Description of BSC Map Unit S.1 































Dominant Vegetation: Ambrosia dumosa, Coleogyne ramosissima, 
Menodora spinescens, Ephedra nevadensis, Larrea tridentata, Lycium 





















































Table 3.4(H):  Description of BSC Map Unit S.2 



































Dominant Vegetation:Coleogyne ramosissima, Hymenoclea salsola, 
Menodora spinescens, Ephedra nevadensis, Encelia farinosa, Ambrosia 
















































Table 3.4(I):  Description of BSC Map Unit S.3 







































Dominant Vegetation:Ambrosia dumosa, Coleogyne ramosissima, Larrea 
tridentata Ephedra nevadensis, Krascheninnikovia lanata; Hymenoclea 
salsola, Eriogonum inflatum, Bromus rubens, Pleuraphis rigida, Cylindropuntia 
echinocarpa, Sphaeralcea ambigua, Menodora spinescens, Krameria erecta, 














































Table 3.4(J):  Description of BSC Map Unit S.4 














































Table 3.4(K):  Description of additional map units 
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Geomorphic Map Unit Descriptions 
Table 3.6(A):  Description of geomorphic map unit Qay4 
Qay4
Youngest Alluvium; recent active channels
Characteristics:  Qay4 are active washes composed of poorly to moderately 
sorted limestone boulders, gravels, and sand.  Fresh bar and channel
morphology and patchy vegetation characterize these surfaces. Deposits 
range from broad sheet-like sandy and gravelly areas with few channels to 
incised washes with single channels that truncate low terraces.  Channels may 
be braided with interspersed gravel bars and sandy fluvial/eolian deposits.  
Sands are likely fluvial deposits but may be reworked by eolian processes.  
Soils show negligible pedogenesis with no secondary carbonate accumulation 
or Av development.   Sandstone bedrock outcrops within the unit.
Canopy surface rock fragments: Transect data were not collected within 
active channels, as these sites showed no BSC development.
Interspace surface rock fragments: not collected
Profile rock fragments: not collected
Canopy surface textures:  not collected
Interspace surface textures: not collected
Vegetation: variable; see vegetation commonly associated adjacent Qay3
Classification of pedon: Unspecified Entisols
Notes:  Qay4 units commonly truncate or lie adjacent to Qay3 terraces, making 
them difficult to map in detail.  Polygon boundaries are best approximations 
based on aerial imagery and field reconnaissance.  Given the active nature of 
these washes, their boundaries and morphology are anticipated to change 
from year to year.  
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Geomorphic Map Unit Descriptions 
Qay3
Recently abandoned alluvium; latest Holocene
Characteristics:  Qay3 are recently abandoned inset fans composed of poorly 
to moderately sorted limestone boulders, gravels, and sand.  Surfaces flank 
active channels and lie approximately 0.5 m higher.  Fresh bar and swale 
morphology and moderate shrub cover characterize these surfaces.  Deposits 
may be broad sheet-like sandy and gravelly areas, or they may be highly 
incised terraces truncated by nearby active channels.  Deposits are commonly 
composed of gravel bars with interspersed sandy fluvial/eolian deposits.  
Though sands may be fluvial, they have likely been reworked by eolian 
processes.  Soils are marked by negligible soil formation, with no secondary 
carbonate accumulation or Av horizon development.   Soils include two 
phases, sandy-skeletal phases associated with gravel bars and sandy phases 
associated with the interspersed sand.  A patchy, single grain mantle of gravel 
lag may overlie sandy phases.  
Canopy surface rock fragments: mostly limestone; range 4-37%; mean 18%
Interspace surface rock fragments: mostly limestone; range 31-70%; mean 
46%
Profile rock fragments: primarily limestone; range 5-55% by volume
Canopy surface textures:  fine sand, loamy fine sand
Interspace surface textures: sand, fine sand, loamy fine sandy
Vegetation: Encelia farinosa, Menodora spinescens, Larrea tridentata,
Hymenoclea salsola, Psorothamnus fremontii, Eriogonum fasciculatum, 
Krameria erecta, Ephedra nevadensis, Coleogyne ramosissima, Bromus 
rubens, Prunus fasciculata, Pleuraphis rigida, Chilopsis linearis 
Classification of pedon: Includes two taxonomic phases of soils (based on 
% rock fragments): (1) Sandy-skeletal, mixed thermic Typic Torriorthents; and 
(2) Sandy, mixed thermic Typic Torripsamments
Notes: Qay3 surfaces are commonly truncated by or lie adjacent to Qay4
washes, making them difficult to map in detail.  Polygon boundaries are best 
approximations based on aerial imagery and field reconnaissance. Qay3 are 
mapped sparingly, and their distribution is expected to accompany Qay4.
Table 3.6(B):  Description of geomorphic map unit Qay3
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Geomorphic Map Unit Descriptions 
Qay2
Youngest inactive alluvium; mid- to late Holocene 
Characteristics: Qay2 surfaces are inset fans composed of poorly to 
moderately sorted boulders, gravels, and sands.  Surfaces often flank Qay4
and Qay3 and generally lie approximately 1 m above the active channel.  
These surfaces are slightly modified from their original depositional 
topography and generally display muted bar and swale morphology.  In some 
areas, subdued gravel bars are still present.  Soil profiles are composed of 
mixed sands and gravels and may be overlain by sand sheets up to 20 cm 
thick.  A patchy, single grain mantle of gravel lag may overlie the surface. Av 
horizons may be up to 15 cm thick with common fine vesicular pores that are 
often associated with tall, moss-lichen pinnacled crusts.  Soils are 
characterized by a Bk horizon with <0.5 mm carbonate pendants on clast 
sides/bottoms, which corresponds to Stage I carbonate morphology.  
Secondary carbonate is < 5% by volume.  
Canopy surface rock fragments: mostly limestone; range 3-12%; mean 7%
Interspace surface rock fragments: mostly limestone; range 3-31%; mean 
18%
Profile rock fragments: primarily limestone; generally >35% by volume, with 
individual horizon fragments ranging from 20-50% by volume
Canopy surface textures:  fine sandy loam, loamy sand, loamy fine sand
Interspace surface textures: fine sandy loam, loamy sand, loamy fine sand
Vegetation:  Larrea tridentata, Hymenoclea salsola, Psorothamnus fremontii,
Menodora spinescens, Krascheninnikovia lanata, Krameria erecta, Ephedra 
nevadensis, Coleogyne ramosissima (uncommon), Ambrosia dumosa, 
Eriogonum fasciculatum, Bromus rubens, Pleuraphis rigida, Prunus 
fasciculata, Lycium andersonii
Classification of pedon: Sandy-skeletal mixed, thermic Typic Torriorthents
Notes: Qay2 commonly shares gradational boundaries with Qea.  Without 
extensive subsurface data, differentiating between sand sheets <20 cm and 
sand sheets >1m is impractical.  Boundaries between these units are best 
approximations based on field reconnaissance of surface features and aerial 
imagery.  
Table 3.6(C):  Description of geomorphic map unit Qay2
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Geomorphic Map Unit Descriptions 
Qay1
Young inactive alluvium; mid-Holocene
Characteristics: Qay1 are inset fans composed of poorly to moderately 
sorted gravels and sands with rare boulders.  Surfaces often flank Qay4 and
Qay3 and lie approximately 1.5 m above the active channel.  These surfaces 
are significantly modified from their original depositional topography but still 
display faint bar and swale morphology.  Original gravel bars are detectable in 
some areas.  Soil profiles are composed of mixed sands and gravels and may 
be overlain by sand sheets up to 20 cm thick.  A patchy, single grain mantle of 
gravel lag may overlie the surface.  Av horizons are up to 27 cm thick with 
common fine vesicular pores that are often associated with tall, moss-lichen 
pinnacled crusts.  Vesicular pores are found both within and below moss-
lichen crusts.  Soils display Bk horizons with thin continuous carbonate coats 
on clasts, which corresponds to Stage II carbonate morphology.  Secondary 
carbonate is < 5% by volume.  Soils commonly overlie fanglomerate deposits 
of weakly cemented gravels.  Fanglomerate cementation more closely 
resembles groundwater rather than pedogenic processes.
Canopy surface rock fragments: mostly limestone; range 3-15%; mean 6%
Interspace surface rock fragments: mostly limestone; range 9-38%; mean 
25%
Profile rock fragments: primarily limestone; generally >35% by volume, with 
individual horizon fragments varying from 15-60% by volume
Canopy surface textures:  loamy sand, loamy fine sand, fine sandy loam
Interspace surface textures: loamy sand, loamy fine sand, fine sandy loam
Vegetation:  Larrea tridentata, Ambrosia dumosa, Hymenoclea salsola,
Lycium andersonii, Menodora spinescens, Ephedra nevadensis, Bromus 
rubens, Pleuraphis rigida, Krameria erecta, Encelia farinosa, Coleogyne 
ramosissima (uncommon)
Classification of pedon: Sandy-skeletal mixed, thermic Typic Torriorthents
Notes: Qay1 may share gradational boundaries with Qea.  Without extensive
subsurface data, differentiating between sand sheets <20 cm and sand 
sheets >1m is impractical.  Boundaries between units are approximations 
based on field reconnaissance of surface features and aerial imagery.  
Table 3.6(D):  Description of geomorphic map unit Qay1
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Geomorphic Map Unit Descriptions 
Qai3
Intermediate Alluvium, late Pleistocene 
Characteristics:  Qai3 are inset fans with planar surfaces and extensive 
gravel pavement cover.  Surfaces lie approximately 0.5-1 meter above Qay1.
Pavements are primarily composed of poorly interlocking limestone gravels, 
though moderately interlocking pavements are possible.  Pavements 
commonly overlie Av horizons up to 10 cm thick. Av horizons contain common 
fine vesicular pores.  Soils are shallow and characterized by a Bkkm, or 
petrocalcic, horizon that is completely engulfed by secondary carbonate and 
found within 45 cm of the surface.  This horizon corresponds to Stage III 
carbonate morphology.  A Bk horizon overlies the Bkkm and has fine 
carbonate pendants on the bottoms of clasts, though secondary carbonate 
remains <5% by volume.  Sand sheet mantles up to 20 cm thick are possible.
Canopy surface rock fragments: mostly limestone; mean 6%
Interspace surface rock fragments: mostly limestone; mean 36%
Profile rock fragments: primarily limestone; are generally <35% by volume, 
with individual horizon fragments varying from 25-30% by volume
Canopy surface textures:  loamy sand
Interspace surface textures: fine sandy loam
Vegetation:  Menodora spinescens, Ambrosia dumosa, Lycium andersonii,
Larrea tridentata, Ephedra nevadensis, Coleogyne ramosissima,
Psorothamnus fremontii, Krameria erecta, Bromus rubens
Classification of pedon: Loamy, mixed, thermic, shallow Typic Petrocalcids
Notes:  Qai3 may share gradational boundaries with Qea.  Without extensive 
subsurface data, differentiating between sandy sheets <20 cm and sand 
sheets >1m is impractical.  Therefore, boundaries between these units are 
best approximations based on field reconnaissance of surface features and 
aerial imagery.  
Table 3.6(E):  Description of geomorphic map unit Qai3
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Geomorphic Map Unit Descriptions 
Qai2
Intermediate Alluvium, mid- to late Pleistocene 
Characteristics:  Qai2 are inset fans with planar surfaces and extensive 
gravel pavement cover.  Surfaces lie approximately 0.5 meter above Qai3.  
Pavements are primarily composed of non-interlocking limestone gravels, 
though interlocking pavements are possible.  Pavements overlie Av horizons 
up to 13 cm thick that contain common fine vesicular pores.  Soils are shallow 
and characterized by a Bkkm, or petrocalcic, horizon within 42 cm of the 
surface.  The Bkkm is completely indurated with secondary carbonate and 
has a laminar cap < 1 mm thick, which corresponds to incipient Stage IV 
carbonate morphology.  A Bk horizon overlies the Bkkm and contains a few 
Stage I carbonate nodules and thin carbonate coats on the bottoms of clasts.  
Secondary carbonate within the Bk is <5% by volume.  Sand sheet mantles 
up to 20 cm thick are possible.
Canopy surface rock fragments: mostly limestone; range 14-17%; mean 
15%
Interspace surface rock fragments: mostly limestone; range 31-41%; mean 
36%
Profile rock fragments: primarily limestone; generally <30% by volume, with 
individual horizon fragments varying from 20-40% by volume
Canopy surface textures:  loamy sand
Interspace surface textures: fine sandy loam
Vegetation: Coleogyne ramosissima, Larrea tridentata, Ephedra nevadensis,
Ambrosia dumosa, Hymenoclea salsola, Lycium andersonii, Prunus 
fasciculata, Menodora spinescens, Psorothamnus fremontii, Bromus rubens, 
Krameria erecta
Classification of pedon: Loamy, mixed, thermic, shallow Typic Petrocalcids
Notes: Qai2 may share gradational boundaries with Qea.  Without extensive 
subsurface data, differentiating between sandy sheets <20 cm and sand 
sheets >1m is impractical.  Therefore, boundaries between these units are 
best approximations based on field reconnaissance of surface features and 
aerial imagery.  
Table 3.6(F):  Description of geomorphic map unit Qai2
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Geomorphic Map Unit Descriptions 
Qai1
Intermediate Alluvium; early to mid-Pleistocene 
Characteristics:  Qai1 are inset fans with planar surfaces and extensive 
gravel pavement cover.  Surfaces lie approximately 0.5-1 m above Qai2.
Pavements are primarily composed of poorly interlocking, upturned limestone 
and petrocalcic gravels.  Pavements overlie Av horizons up to 16 cm thick 
that contain common fine vesicular pores.  Soils are shallow and with a Bkkm, 
or petrocalcic, horizon within 16 cm of the surface.  The Bkkm is completely 
indurated with secondary carbonate and has a 10 cm thick laminar cap, which 
corresponds to Stage V carbonate morphology.  Sand sheet mantles up to 20 
cm thick are possible.  Soils commonly overlie fanglomerate deposits of 
weakly consolidated cemented gravels.  Fanglomerate cementation is thought 
to be groundwater-derived and not pedogenic.
Canopy surface rock fragments: limestone & petrocalcic; range 6-17%; 
mean 13%
Interspace surface rock fragments: limestone & petrocalcic; range 33-60%; 
mean 49%
Profile rock fragments: limestone & petrocalcic; upper horizons have 
approximately 20% gravel by volume; cemented horizons have up to 60% 
gravel by volume.
Canopy surface textures:  fine sandy loam, loamy fine sand
Interspace surface textures: fine sandy loam, very fine sandy loam
Vegetation:  Psorothamnus fremontii, Lycium andersonii, Hymenoclea 
salsola, Coleogyne ramosissima, Larrea tridentata, Ephedra nevadensis,
Ambrosia dumosa, Bromus rubens, Krameria erecta
Classification of pedon: Loamy, mixed, thermic shallow Typic Petrocalcids
Notes: Qai1 may share gradational boundaries with Qea.  Without extensive 
subsurface data, differentiating between sand sheets <20 cm and sand 
sheets >1m is impractical.  Boundaries between units are approximations 
based on field reconnaissance of surface features and aerial imagery.  
Table 3.6(G):  Description of geomorphic map unit Qai1
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Geomorphic Map Unit Descriptions 
Qao2
Old alluvium, early Pleistocene
Characteristics: Qao2 are ballenas with deeply dissected ridge-and-ravine 
topography and concordant ridge crests.  Surfaces lie approximately 1 m 
above Qai1 surfaces. Poorly interlocking pavements of upturned limestone and 
petrocalcic clasts overlie Av horizons up to 18 cm thick that contain common 
fine vesicular pores.  Soils are shallow with a Bkkm, or petrocalcic, at a depth 
of 28 cm.  The Bkkm may be locally exposed along eroding side slopes.  The 
Bkkm ranges from stage III-V carbonate morphology.  A Bk horizon overlies 
the Bkkm.  The Bk contains Stage II carbonate pendants on the bottoms of 
petrocalcic gravels.  Overall the Bk has approximately 5 percent secondary 
carbonate by volume, which corresponds to a diagnostic calcic horizon.  Sand 
sheet mantles up to 20 cm thick occur in some areas.
Canopy surface rock fragments: limestone & petrocalcic; mean 23%
Interspace surface rock fragments: limestone & petrocalcic; mean 63%
Profile rock fragments: limestone & petrocalcic; upper horizons have >35% 
gravel by volume; individual horizon fragments vary between 20-85%
Canopy surface textures:  fine sandy loam
Interspace surface textures: fine sandy loam
Vegetation:  Larrea tridentata, Coleogyne ramosissima, Lycium andersonii,
Ephedra Menodora spinescens, Ambrosia dumosa, Bromus rubens, 
Hymenoclea salsola
Classification of pedon: Loamy-skeletal, mixed, thermic, shallow Calcic 
Petrocalcids
Notes: Qao2 may share gradational boundaries with Qea.  Without extensive 
subsurface data, differentiating between sandy sheets <20 cm and sand 
sheets >1m is impractical.  Boundaries between units are best approximations 
based on field reconnaissance of surface features and aerial imagery.  
Table 3.6(H):  Description of geomorphic map unit Qao2
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Geomorphic Map Unit Descriptions 
Qao1
Old Alluvium; earliest Pleistocene
Characteristics:  Qao1 are erosional fan remnants formed in old alluvium 
with deeply dissected ridge-and-ravine topography and laterally concordant 
ridge crests. Ridges are commonly rounded but may be planar where 
bedrock and/or a petrocalcic horizons are locally exposed by erosion. 
Surfaces lie several meters above Qao2 surfaces. Bedrock exposures 
suggest these fan remnants have largely been protected from backslope
erosion by underlying bedrock that outcrops locally.  Poorly to moderately 
interlocking pavements of limestone and petrocalcic clasts overlie Av horizons 
up to 9 cm thick that contain common fine vesicular pores.  Soils are shallow 
with a Bkkm, or petrocalcic, at a depth of 9 cm.  The Bkkm displays strong 
stage V morphology with a 1 cm thick laminar cap sandwiched between two 
carbonate-indurated horizons.  No brecciation was observed in the Bkkm.  
Canopy surface rock fragments: limestone & petrocalcic; range 15-38%; 
mean 24%
Interspace surface rock fragments: limestone & petrocalcic; range 35-81%; 
mean 63%
Profile rock fragments: limestone & petrocalcic; upper horizons have 
approximately 50% rock fragments by volume
Canopy surface textures: loamy fine sand, fine sandy loam
Interspace surface textures: loamy fine sand, very fine sandy loam, fine 
sandy loam, sandy loam
Vegetation:  Sphaeralcea ambigua, Ambrosia dumosa, Krameria erecta,
Menodora spinescens, Psorothamnus fremontii, Ephedra nevadensis,
Hymenoclea salsola, Larrea tridentata, Coleogyne ramosissima, Encelia 
farinosa, Tiquilia canescens, Bromus rubens
Classification of pedon: Loamy-skeletal, mixed, thermic, shallow Typic 
Petrocalcids
Table 3.6(I):  Description of geomorphic map unit Qao1
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Geomorphic Map Unit Descriptions 
QTa
Oldest Alluvium; late Miocene to earliest Pleistocene 
Characteristics:  QTa are erosional fan remnants that form the oldest alluvial 
surfaces in the basin.  These surfaces display deeply dissected ridge-and-
ravine topography and discordant ridge crests.  Ridge crests are generally 
planar, especially where bedrock and/or petrocalcic horizons are locally 
exposed by erosion. Surfaces lie several meters above Qao1 summits. 
Bedrock exposures suggest these fan remnants have largely been protected 
from backslope erosion by underlying bedrock that outcrops locally.  Poorly to 
moderately interlocking pavements are composed of limestone and 
petrocalcic gravels, cobbles, and stones.  These pavements overlie Av 
horizons up to 8 cm thick that contain common fine vesicular pores.  Soils are 
shallow to a Bkkm, or petrocalcic, at a depth of 8 cm.  The Bkkm extends to a 
depth of 110 cm where it contacts Aztec sandstone bedrock cemented with 
secondary carbonate.  The Bkkm displays strong stage VI morphology with a 
sequence of laminar caps 14 cm thick overlying a brecciated, carbonate-
cemented horizon.  
Canopy surface rock fragments: limestone & petrocalcic; approximate 
mean 30%
Interspace surface rock fragments: limestone & petrocalcic; approximate 
mean 80%
Profile rock fragments: limestone & petrocalcic; upper horizon has 
approximately 60% rock fragments by volume
Canopy surface textures: loamy fine sand, fine sandy loam
Interspace surface textures: loamy fine sand, very fine sandy loam, fine 
sandy loam, sandy loam
Vegetation: Coleogyne ramosissima, Ambrosia dumosa, Larrea tridentata,
Ephedra nevadensis, Bromus rubens
Classification of pedon: Loamy-skeletal, mixed, thermic, shallow Typic 
Petrocalcids
Table 3.6(J):  Description of geomorphic map unit QTa 
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Geomorphic Map Unit Descriptions 
Qc
Colluvium; latest Pleistocene to Holocene 
Characteristics:  Qc are hillslope, or colluvial, deposits of coarse, poorly 
sorted angular boulders, cobbles, stones, gravels, and sands.  These 
deposits commonly cover slopes below the steep cliff faces that surround the 
valley.  Colluvium composition is highly variable depending on local slope 
characteristics, but it ranges from angular boulder- to gravel-sized talus to fine 
grained mantles dominated by sand.  Because exposures for this unit were 
not found, profiles were not described.
Canopy surface rock fragments: limestone &/or sandstone; range 14-37%; 
mean 29%
Interspace surface rock fragments: limestone &/or sandstone; range 80-
86%; mean 83%
Profile rock fragments: primarily limestone, some sandstone 
Canopy surface textures:  fine sandy loam
Interspace surface textures: fine sandy loam 
Vegetation: Ephedra nevadensis, Ambrosia dumosa, Coleogyne 
ramosissima, Hymenoclea salsola, Encelia farinosa, Bromus rubens, 
Sphaeralcea ambigua, Krameria erecta, Tiquilia canescens, Menodora 
spinescens, Eriogonum inflatum, Krascheninnikovia lanata
Classification of pedon: not determined
Notes: Qc form gradational boundaries with alluvial and eolian units 
throughout the basin, where colluvium forms thin to thick mantles over other 
surfaces. These gradients were impractical to map in detail.  Qc polygon 
boundaries in this area are best  approximations based on aerial imagery and 
surface reconnaissance.  
Table 3.6(K):  Description of geomorphic map unit Qc
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Geomorphic Map Unit Descriptions 
Qea
Holocene sand sheets with gravel lag
Characteristics:  Qea are deep sand sheets or mantles of unconsolidated, 
fine eolian sand overlain by a thin veneer of fluvial gravel.  Eolian mantles 
vary in thickness but are generally at least 1 m thick and overlie alluvium or 
bedrock.  Sand sheet surfaces are generally flat with broad undulations and 
small coppices forming around shrubs.  Surface rock fragments form a single 
layer of gravel lag that may be an inflationary veneer and/or a thin alluvial 
veneer.  Sand sources are presumed to have weathered out of local Aztec 
sandstone bedrock but may include small amounts of eolian silt and clay.  
Soils may show incipient accumulation of secondary carbonate in the form of 
fine, carbonate filaments, or Stage I carbonate morphology. 
Canopy surface rock fragments: primarily limestone; 0-31%; mean 9%
Interspace surface rock fragments: primarily limestone; range 1-82%; 
mean 30%
Profile rock fragments: primarily limestone; range 0-2% by volume
Canopy surface textures:  fine sand, fine sandy loam, loamy fine sand
Interspace surface textures: fine sandy loam, loamy fine sand, loamy sand 
Vegetation:  Ambrosia dumosa, Menodora spinescens, Ephedra nevadensis,
Eriogonum fasciculatum, Coleogyne ramosissima, Hymenoclea salsola,
Encelia farinosa, Psorothamnus fremontii, Larrea tridentata, Bromus rubens, 
Pleuraphis rigida, Lycium andersonii, Cylindropuntia echinocarpa, 
Sphaeralcea ambigua, Krameria erecta, Opuntia basilaris, Eriogonum 
inflatum, Krascheninnikovia lanata, Lycium cooperi
Classification of pedon: Mixed, thermic Typic Torripsamments
Notes: Qea form gradational boundaries with alluvial units throughout the 
basin, where the thick eolian mantle thins to sand sheets less than 20 cm 
thick.  These gradients were impractical to map in detail.  Therefore, Qea 
polygon boundaries in this area are best approximations based on aerial 
imagery and surface reconnaissance.  
Table 3.6(L):  Description of geomorphic map unit Qea 
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Geomorphic Map Unit Descriptions 
Additional Units
AZ: Aztec Sandstone bedrock; 
outcrops as inselbergs
Limestone: Limestone bedrock 
outcrop
OHV Tracks: Off-highway vehicle 
disturbance or decommissioned 
roads
Table 3.6(M):  Description of additional map units 
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Soil Unit Descriptions 
Table 3.7(A):  Description of soil types: Unspecified Entisols 
Unspecified Entisols
Taxonomy: unspecified Entisols
Geomorphic Surfaces: Qay4; Recent active washes
Characteristics:  Unspecified Entisols soils form in active washes.  Soils are 
characterized by negligible pedogenesis with no secondary carbonate 
accumulation or Av development.   Alluvium is composed of poorly to 
moderately sorted limestone boulders, gravels, and sand.  Fresh bar and 
channel morphology and patchy vegetation characterize these surfaces.  
Deposits range from broad sheet-like sandy and gravelly areas with few 
channels to incised washes with single channels that truncate low terraces.  
Channels are braided with interspersed gravel bars and sandy fluvial/eolian 
deposits.  Sands are commonly fluvial deposits but are also reworked by 
eolian processes.  Sandstone bedrock commonly outcrops within the unit.
Canopy surface rock fragments: Transect data were not collected within 
active channels, as these sites showed no BSC development.
Interspace surface rock fragments: not collected
Profile rock fragments: not collected
Canopy surface textures:  not collected
Interspace surface textures: not collected
Vegetation: variable; see vegetation commonly associated 2-phase Entisols
Notes:  Unspecified Entisols commonly truncate or lie adjacent to 2-phase 
Entisols, making detailed mapping difficult.  Polygon boundaries are best 
approximations based on aerial imagery and field reconnaissance.  Given the 
active nature of these washes, their boundaries and morphology are 
anticipated to change from year to year.  
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Soil Unit Descriptions 
Entisols  (2 Phases)
Taxonomy: (1) Sandy-skeletal, mixed thermic Typic Torriorthents; and (2) 
Sandy, mixed thermic Typic Torripsamments
Geomorphic Surfaces: Qay3; latest Holocene inset fans
Characteristics:  Two-phase Entisols are formed in recently abandoned inset 
fans.  Soils are characterized by negligible soil formation with no secondary 
carbonate accumulation or Av horizon development.  Alluvium is composed of 
poorly to moderately sorted limestone boulders, gravels, and sand.  The inset 
fans flank active channels and lie approximately 0.5 m higher.  Fresh bar and 
swale morphology and moderate shrub cover characterize these surfaces.  
Alluvial deposits may occur as broad sheet-like sandy and gravelly areas, or 
they may be highly incised terraces truncated by nearby active channels.  
Deposits are commonly composed of interspersed gravel bars and sandy 
fluvial/eolian deposits.  Though sands may be fluvial, they are likely reworked 
by eolian processes.  Soils are split into two phases, sandy-skeletal phases 
associated with gravel bars and sandy phases associated with sandy swales.  
A patchy, single grain mantle of gravel lag may overlie sandy phases.  
Canopy surface rock fragments: mostly limestone; range 4-37%; mean 18%
Interspace surface rock fragments: mostly limestone; range 31-70%; mean 
46%
Profile rock fragments: primarily limestone; range 5-55% by volume
Canopy surface textures:  fine sand, loamy fine sand
Interspace surface textures: sand, fine sand, loamy fine sandy
Vegetation: Encelia farinosa, Menodora spinescens, Larrea tridentata,
Hymenoclea salsola, Psorothamnus fremontii, Eriogonum fasciculatum, 
Krameria erecta, Ephedra nevadensis, Coleogyne ramosissima, Bromus 
rubens, Prunus fasciculata, Pleuraphis rigida, Chilopsis linearis
Notes: Two-phase Entisols are commonly truncated by or lie adjacent to active 
washes, making them difficult to map in detail.  Polygon boundaries are best 
approximations based on aerial imagery and field reconnaissance.  Two-phase 
Entisols are mapped sparingly, and their distribution is expected to accompany 
most active channels.
Table 3.7(B):  Description of soil types: 2-Phase Entisols 
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Soil Unit Descriptions 
Arizo
Taxonomy: Sandy-skeletal mixed, thermic Typic Torriorthents
Geomorphic Surfaces: Qay1, Qay2; mid- to late Holocene inset fans
Characteristics: Arizo soils form in inset fans composed of poorly to 
moderately sorted boulders, gravels, and sands.  Soil profiles are generally 
composed of mixed sands and gravels and may be overlain by sand sheets up 
to 20 cm thick with patchy, single grain mantle of gravel lag.  Av horizons up to 
15-27 cm thick with common fine vesicular pores are possible.  Vesicular pores 
are found within and below tall moss-lichen pinnacled crusts.  Soils display a
Bk horizonwith thin, discontinous to continous <1 mm carbonate coats on 
clasts, corresponding to Stage I-II carbonate morphology.  Secondary 
carbonate is < 5% by volume.  Surfaces often flank the Unspecified and 2-
phase Entisols and lie 1-1.5 m above the active channel.  Soil surfaces are 
modified from their original depositional topography and display faint to muted 
bar and swale morphology.  In some areas, subdued gravel bars may still be 
visible.  Soils commonly overlie fanglomerate deposits of weakly consolidated 
cemented gravels.  Fanglomerate cementation is thought to be groundwater-
derived and not pedogenic.
Canopy surface rock fragments: mostly limestone; range 3-15%; mean 6%
Interspace surface rock fragments: mostly limestone; range 3-38%; mean 
22%
Profile rock fragments: primarily limestone; generally >35% by volume, with 
individual horizon fragments ranging from 15-60% by volume
Canopy surface textures:  fine sandy loam, loamy sand, loamy fine sand
Interspace surface textures: fine sandy loam, loamy sand, loamy fine sand
Vegetation:  Larrea tridentata, Hymenoclea salsola, Psorothamnus fremontii,
Menodora spinescens, Krascheninnikovia lanata, Krameria erecta, Ephedra 
nevadensis, Coleogyne ramosissima (uncommon), Ambrosia dumosa, 
Eriogonum fasciculatum, Bromus rubens, Pleuraphis rigida, Prunus fasciculata, 
Lycium andersonii, Encelia farinosa
Notes: Arizo soils may share gradational boundaries with the Bluepoint series 
that form in deep sand sheets.  Without extensive subsurface data, 
differentiating between sand sheets <20 cm and sand sheets >1m is 
impractical.  Boundaries between these units are best approximations based
on field reconnaissance of surface features and aerial imagery.  
Table 3.7(C):  Description of soil types: Arizo Series 
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Soil Unit Descriptions 
Irongold
Taxonomy: Loamy, mixed, thermic, shallow Typic Petrocalcids
Geomorphic Surfaces: Qai1, Qai2, and Qai3; early to late Pleistocene inset 
fans
Characteristics:  Irongold soils form in inset fans with planar surfaces and 
extensive gravel pavement cover.  Pavements are primarily composed of 
poorly interlocking, upturned limestone and petrocalcic gravels, though some 
moderately interlocking pavements are possible.  Pavements generally overlie 
Av horizons up to 10-16 cm thick. Av horizons contain common fine vesicular
pores.  Soils are shallow with a Bkkm, or petrocalcic, within 16-45 cm of the 
surface.  Secondary carbonate morphology of this horizon ranges from Stage 
III-V.  The Bkkm is generally completely indurated by carbonate.  Laminar 
caps may be absent, <1 mm thick, or as thick as 10 cm.  A Bk horizon may 
overlie the Bkkm with Stage I filaments and/or Stage I carbonate nodules.  
Secondary carbonate within the Bk is <5% by volume.  Sand sheet mantles up 
to 20 cm thick are possible.  The inset fans in which these soils form, lie 
approximately 0.5-3 m above the inset fans of the Arizo soil series.  
Canopy surface rock fragments: mostly limestone; range 6-17%; mean 13%
Interspace surface rock fragments: mostly limestone; range 31-60%; mean 
42%
Profile rock fragments: limestone & petrocalcic; generally <35% by volume, 
with individual horizon fragments varying from 20-40% by volume
Canopy surface textures:  loamy sand, fine sandy loam, loamy fine sand
Interspace surface textures: fine sandy loam, very fine sandy loam
Vegetation:  Menodora spinescens, Ambrosia dumosa, Lycium andersonii,
Larrea tridentata, Ephedra nevadensis, Coleogyne ramosissima,
Psorothamnus fremontii, Krameria erecta, Bromus rubens, Hymenoclea 
salsola, Prunus fasciculata, 
Notes: Irongold soils may share gradational boundaries with the Bluepoint 
series that form in deep sand sheets. Without extensive subsurface data, 
differentiating between sand sheets <20 cm and sand sheets >1m is 
impractical.  Boundaries between these units are best approximations based 
on field reconnaissance of surface features and aerial imagery.  
Table 3.7(D):  Description of soil types: Irongold Series 
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Soil Unit Descriptions 
Ferrogold
Taxonomy: Loamy-skeletal, mixed, thermic, shallow Calcic Petrocalcids
Geomorphic Surfaces: Qao2; early Pleistocene ballenas (ca. 1-0.5 Ma)
Characteristics: Ferrold soils form in ballenas with deeply dissected ridge-
and-ravine topography and concordant ridge crests.  Poorly interlocking 
pavements of upturned limestone and petrocalcic clasts overlie Av horizons up 
to 18 cm thick that contain common fine vesicular pores.  Soils are shallow 
with a Bkkm, or petrocalcic, at a depth of 28 cm.  The Bkkm may be locally 
exposed along eroding side slopes.  The Bkkm ranges from stage III-V
carbonate morphology.  A Bk horizon overlies the Bkkm and contains Stage II 
carbonate pendants on the bottoms of petrocalcic gravels.  Overall the Bk has 
approximately 5 percent secondary carbonate by volume, which corresponds 
to a diagnostic calcic horizon.  Sand sheet mantles up to 20 cm thick are 
possible.  The ballena summits of the Irongold series lie approximately 1-4 m 
above the inset fan surfaces of the Irongold soils.
Canopy surface rock fragments: limestone & petrocalcic; mean 23%
Interspace surface rock fragments: limestone & petrocalcic; mean 63%
Profile rock fragments: limestone & petrocalcic; upper horizons have >35% 
gravel by volume; individual horizon fragments vary between 20-85%
Canopy surface textures:  fine sandy loam
Interspace surface textures: fine sandy loam
Vegetation:  Larrea tridentata, Coleogyne ramosissima, Lycium andersonii,
Ephedra Menodora spinescens, Ambrosia dumosa, Bromus rubens, 
Hymenoclea salsola
Notes: Ferrogold soils may share gradational boundaries with the Bluepoint 
series that form in deep sand sheets.  Without extensive subsurface data, 
differentiating between sand sheets <20 cm and sand sheets >1m is 
impractical.  Boundaries between these units are best approximations based 
on field reconnaissance of surface features and aerial imagery.  
Table 3.7(E):  Description of soil types: Ferrogold Series 
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Soil Unit Descriptions 
shallow Typic Petrocalcids
Taxonomy:  Loamy-skeletal, mixed, thermic, shallow Typic Petrocalcids
Geomorphic Surfaces: QTa and Qao1; late Miocene to earliest Pleistocene 
erosional fan remnants
Characteristics:  Shallow Typic Petrocalcids develop in erosional fan 
remnants that display deeply dissected ridge-and-ravine topography and 
laterally concordant or discordant ridge crests.  Ridge summits may be 
rounded or planar.  Bedrock exposures suggest these fan remnants have 
largely been protected from backslope erosion by underlying bedrock that 
outcrops locally.  Poorly to moderately interlocking pavements of limestone 
and petrocalcic clasts overlie Av horizons to 8-9 cm thick that contain common 
fine vesicular pores.  Soils are shallow with a Bkkm, or petrocalcic, horizon at 
a depth of 8-9 cm.  The Bkkm is commonly exposed along eroding side slopes 
and displays strong stage V-VI morphology.  Laminar carbonate horizons 
range from with a 1-14 cm.  The indurated carbonate horizon may show 
brecciation and can be as thick as 102 cm.  Often this indurated horizon 
directly overlies Aztec Sandstone bedrock that is cemented with secondary 
carbonate.  These remnant surfaces in which these soils form lie several 
meters above the ballenas of the Ferrogold series.
Canopy surface rock fragments: limestone & petrocalcic; range 15-24%; 
mean 20%
Interspace surface rock fragments: limestone & petrocalcic; range 35-81%; 
mean 60%
Profile rock fragments: limestone & petrocalcic; upper horizons have 
approximately 55% rock fragments by volume
Canopy surface textures: loamy fine sand, fine sandy loam
Interspace surface textures: loamy fine sand, very fine sandy loam, fine 
sandy loam, sandy loam
Vegetation: Sphaeralcea ambigua, Ambrosia dumosa, Krameria erecta,
Menodora spinescens, Psorothamnus fremontii, Ephedra nevadensis,
Hymenoclea salsola, Larrea tridentata, Coleogyne ramosissima, Encelia 
farinosa, Tiquilia canescens, Bromus rubens
Table 3.7(F):  Description of soil types: shallow Typic Petrocalcids 
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Soil Unit Descriptions 
Unspecified Colluvium
Taxonomy: not determined
Geomorphic Surfaces: Qc; latest Pleistocene to Holocene colluvium
Characteristics:  Unspecified colluvial soils are formed in hillslope, or 
colluvial, deposits of coarse, poorly sorted angular boulders, cobbles, stones, 
gravels, and sands.  These deposits commonly cover slopes below the steep 
cliff faces that surround the valley.  Colluvium composition is highly variable 
depending on local slope characteristics, but it ranges from angular boulder- to 
gravel-sized talus to fine-grained mantles dominated by sand.  Because cross-
sectional exposures for this unit were not found, profiles were not described.
Canopy surface rock fragments: limestone &/or sandstone; range 14-37%; 
mean 26%
Interspace surface rock fragments: limestone &/or sandstone; range 80-
86%; mean 83%
Profile rock fragments: primarily limestone, some sandstone 
Canopy surface textures:  fine sandy loam
Interspace surface textures: fine sandy loam
Vegetation: Ephedra nevadensis, Ambrosia dumosa, Coleogyne 
ramosissima, Hymenoclea salsola, Encelia farinosa, Bromus rubens, 
Sphaeralcea ambigua, Krameria erecta, Tiquilia canescens, Menodora 
spinescens, Eriogonum inflatum, Krascheninnikovia lanata
Notes: Unspecified colluvial soils form gradational boundaries with alluvial 
and eolian soils throughout the basin, where colluvium may form thin to thick 
mantles over other geomorphic surfaces. These gradients were impractical to 
map in detail.  Unspecified colluvium polygon boundaries in this area are best 
approximations based on aerial imagery and surface reconnaissance.  
Table 3.7(G):  Description of soil types: Unspecified Colluvium
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Soil Unit Descriptions 
Bluepoint
Taxonomy: Mixed, thermic Typic Torripsamments
Geomorphic Surfaces: Qea; Holocene sand sheets with variable gravel lag
Characteristics:  Bluepoint soils form in deep sand sheets or of mantles of 
unconsolidated, fine eolian sand overlain by a thin veneer of fluvial gravel.  
Soils may show incipient accumulation of secondary carbonate in the form of 
fine, carbonate filaments, or Stage I carbonate morphology.  Eolian mantles 
vary in thickness but are commonly at least 1 m thick and overlie alluvium or 
bedrock.  Sand sheet surfaces are generally flat with broad undulations and 
small coppices forming around shrubs.  Surface rock fragments are primarily a 
single layer of patchy gravel lag that may be an inflationary veneer and/or a 
thin alluvial veneer.  Sand is presumed to have weathered from local Aztec 
Sandstone bedrock and includes small volumes of eolian silt and clay.  
Canopy surface rock fragments: mostly limestone; range 0-31%; mean 9%
Interspace surface rock fragments: mostly limestone; range 1-82%; mean 
30%
Profile rock fragments: primarily limestone; range 0-2% by volume
Canopy surface textures:  fine sand, fine sandy loam, loamy fine sand
Interspace surface textures: fine sandy loam, loamy fine sand, loamy sand
Vegetation:  Ambrosia dumosa, Menodora spinescens, Ephedra nevadensis,
Eriogonum fasciculatum, Coleogyne ramosissima, Hymenoclea salsola,
Encelia farinosa, Psorothamnus fremontii, Larrea tridentata, Bromus rubens, 
Pleuraphis rigida, Lycium andersonii, Cylindropuntia echinocarpa, 
Sphaeralcea ambigua, Krameria erecta, Opuntia basilaris, Eriogonum 
inflatum, Krascheninnikovia lanata, Lycium cooperi
Notes: Bluepoint soils form gradational boundaries with alluvial soils 
throughout the basin, where the thick eolian mantle thins to sand sheets less 
than 20 cm thick.  These gradients were impractical to map in detail.  
Bluepoint polygon boundaries in this area are best approximations based on 
aerial imagery and surface reconnaissance
Table 3.7(H):  Description of soil types: Bluepoint Series 
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MRPP: Significance of Map Units 
Categories MRPP Association Values MRPP Significance





Table 3.9:  Multi-response Permutation Procedures (MRPP) tested the effectiveness of 
BSC map units, geomorphic map units and correlated soil types in grouping interspace 
cover.  MRPP results are reported as association values (A).  When A=1, group 
members are identical; and when A=0, group members are not similar (McCune and 
Grace, 2002).   McCune and Grace (2002) state A>0.3 are high values for ecological 
data sets.  Results indicate all three categories differentiate different types of 
interspace cover, including rocks, bare soil, BSCs, and plant litter. 
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Table 3.10:  Parametric correlation coefficients of canopy cover characteristics are 
calculated as Pearson’s R-values.  Cells in blue show significant negative relationships 
at the 0.05 level, with R-values of -0.45 or less.  Cells in orange show significant 
positive relationships at the 0.05 level, with R-values of 0.45 or greater.
Canopy Cyanobacteria Canopy Total BSC
Canopy Plant 
Litter Canopy Bromus
000.1airetcabonayC yponaC .906** -.186 -.480**
Canopy Total BSC%_UC .906** 1.000 -.178 -.558**
000.1871.-681.-rettiL tnalP yponaC -.467**
Canopy Bromus -.480** -.558** -.467** 1.000
540.341.792.-613.-tliS yponaC




Parametric Product Moment Correlation Coefficients
Pearson's R <-0.449999, Sig. at 0.05
Pearson's R >0.4499999, Sig. at 0.05
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Table 3.11(A):  Non-parametric correlation coefficients of canopy characteristics are 
calculated as rho-values.  Cells in blue show significant negative relationships at the 
0.05 level, with rho-values of -0.45 or less.  Cells in orange show significant positive 













Canopy Cyanobacteria 1.000 .095 -.056 -.093 -.284 -.187
601.-820.-100.910.-000.1590.ssoM yponaC
Canopy Collema -.056 -.019 1.000 .401* .102 -.057
Canopy Placidium -.093 .001 .401* 1.000 .173 .227
140.-000.1371.201.820.-482.-arosP yponaC
000.1140.-722.750.-601.-781.-alutleP yponaC
Canopy Moss-Lichen -.058 .665** .558** .404* .147 -.057
Canopy Total BSC .903** .355* .155 .032 -.260 -.203
Canopy Limestone -.342* -.262 .222 .205 .165 -.106
Canopy Sandstone .205 .025 -.055 -.294 -.086 -.060
Canopy Petrocalcic -.133 -.217 .039 .352* .088 .340*
Canopy Total Rock -.335* -.415* .195 .281 .171 .073
751.-850.-242.-680.512.112.eraB yponaC
Canopy Plant Litter -.187 -.010 -.143 -.109 .158 .138
Canopy Bromus -.447** -.049 -.123 -.111 .076 .122
Coleogyne .087 .121 .022 .283 .139 .218
Pleuraphis .195 -.151 -.044 -.476** -.118 -.082
Hymenoclea -.101 .199 .078 -.055 -.157 -.110
Larrea .219 .213 -.333* -.268 -.196 .100
Lycium andersonii .350* -.148 -.060 -.061 -.073 -.051
Dead Shrub .161 .223 -.339* -.001 -.156 .090
Psorothamnus .154 .237 -.034 -.055 -.108 -.075
Menodora .168 .312 -.153 -.261 -.215 -.150
Krameria -.175 -.035 .119 .074 -.108 -.075
Encelia -.106 -.329 .295 .037 .144 -.082
Tiquilia -.106 -.204 .172 .177 .676** -.029
Krascheninnikovia -.285 .155 -.025 .067 .717** -.029
Eriogonum fasciculatum .016 -.253 .074 -.185 -.041 -.029
Ambrosia .113 -.278 .047 .011 -.244 .051
171.421.191.360.-613.-590.yalC yponaC
091.192.-392.-tliS yponaC .440** .252 .122
Canopy Very Fine Sand -.264 -.228 .334* .292 .056 .268
Canopy Fine Sand .259 .215 -.232 -.517** -.217 -.138
632.-230.-350.-931.-923.461. dnaS yponaC
Canopy Total Sand .254 .288 -.162 -.430** -.229 -.122
rho<-0.449999, Sig. at 0.05
rho>0.4499999, Sig. at 0.05
Non-parametric Correlation Coefficients
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Table 3.11(B):  Non-parametric correlation coefficients of canopy characteristics are 
calculated as rho-values.  Cells in blue show significant negative relationships at the 
0.05 level, with rho-values of -0.45 or less.  Cells in orange show significant positive 
















































-.058 .903** -.342* .205 -.133 -.335*
.665** .355* -.262 .025 -.217 -.415*
.558** .155 .222 -.055 .039 .195
.404* .032 .205 -.294 .352* .281
.147 -.260 .165 -.086 .088 .171
-.057 -.203 -.106 -.060 .340* .073
1.000 .301 .039 -.041 -.132 -.091
.301 1.000 -.283 .163 -.157 -.312
.039 -.283 1.000 .021 .103 .925**
-.041 .163 .021 1.000 -.033 .030
-.132 -.157 .103 -.033 1.000 .397*
-.091 -.312 .925** .030 .397* 1.000
.096 .303 -.073 .163 -.370* -.194
-.024 -.182 .411* -.168 -.081 .338*
-.139 -.528** -.513** -.091 .021 -.457**
.118 .186 .175 .102 .403* .259
-.235 .108 -.399* .068 -.124 -.383*
.184 .051 .400* .151 -.057 .308
-.177 .119 -.485** -.128 -.262 -.514**
-.184 .312 -.252 -.106 .309 -.045
-.082 .123 -.407* -.380* -.313 -.449**
.268 .219 .196 .290 -.141 .103
.171 .208 -.232 .185 -.251 -.328
.119 -.131 .106 -.157 -.141 .036
-.055 -.127 .358* .028 -.059 .313
.090 -.106 .220 -.060 -.103 .220
.114 -.252 .016 -.060 .216 .024
-.187 -.057 .114 .522** -.103 .138
-.103 .033 -.094 .062 .158 -.020
-.199 .002 .262 -.140 .367* .397*
.026 -.327 .464** -.170 .407* .572**
.052 -.258 .324 -.018 .429** .436**
-.107 .276 -.444** .254 -.383* -.523**
.141 .145 -.260 -.101 -.353* -.443**
-.014 .289 -.463** .187 -.397* -.569**
Non-parametric Correlation Coefficients
rho<-0.449999, Sig. at 0.05
rho>0.4499999, Sig. at 0.05
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Table 3.11(C):  Non-parametric correlation coefficients of canopy characteristics are 
calculated as rho-values.  Cells in blue show significant negative relationships at the 
0.05 level, with rho-values of -0.45 or less.  Cells in orange show significant positive 









































Bromus Coleogyne Pleuraphis Hymenoclea
.211 -.187 -.447** .087 .195 -.101
.215 -.010 -.049 .121 -.151 .199
.086 -.143 -.123 .022 -.044 .078
-.242 -.109 -.111 .283 -.476** -.055
-.058 .158 .076 .139 -.118 -.157
-.157 .138 .122 .218 -.082 -.110
.096 -.024 -.139 .118 -.235 .184
.303 -.182 -.528** .186 .108 .051
-.073 .411* -.513** .175 -.399* .400*
.163 -.168 -.091 .102 .068 .151
-.370* -.081 .021 .403* -.124 -.057
-.194 .338* -.457** .259 -.383* .308
1.000 .010 -.315 .172 .096 .482**
.010 1.000 -.474** .294 -.250 .261
-.315 -.474** 1.000 -.422* .212 -.508**
.172 .294 -.422* 1.000 -.272 .232
.096 -.250 .212 -.272 1.000 -.071
.482** .261 -.508** .232 -.071 1.000
-.031 -.222 .295 -.488** .178 -.407*
.024 -.252 -.013 -.049 .131 -.195
.120 -.090 .186 -.031 -.082 -.105
.273 .253 -.402* .126 -.217 .270
.501** -.111 -.026 .051 .208 .210
.193 -.038 .103 -.235 -.217 .209
.020 .260 -.210 -.029 .053 .230
-.157 .244 -.106 -.136 -.082 -.110
.070 -.016 .203 .318 -.082 -.110
.165 -.187 .049 -.136 .341* .170
-.476** -.120 .154 -.109 -.048 -.613**
-.446** .185 -.148 .237 -.255 -.321
-.639** .188 .009 .061 -.530** -.222
-.523** .122 .062 -.109 -.257 -.113
.613** -.164 .010 -.101 .524** .214
.350* -.169 .062 .073 .080 .039
.601** -.206 .032 -.106 .530** .201
Non-parametric Correlation Coefficients
rho<-0.449999, Sig. at 0.05
rho>0.4499999, Sig. at 0.05
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Table 3.11(D):  Non-parametric correlation coefficients of canopy characteristics are 
calculated as rho-values.  Cells in blue show significant negative relationships at the 
0.05 level, with rho-values of -0.45 or less.  Cells in orange show significant positive 




































Larrea                 Dead Shrub Psorothamnus Menodora
.219 .350* .161 .154 .168
.213 -.148 .223 .237 .312
-.333* -.060 -.339* -.034 -.153
-.268 -.061 -.001 -.055 -.261
-.196 -.073 -.156 -.108 -.215
.100 -.051 .090 -.075 -.150
-.177 -.184 -.082 .268 .171
.119 .312 .123 .219 .208
-.485** -.252 -.407* .196 -.232
-.128 -.106 -.380* .290 .185
-.262 .309 -.313 -.141 -.251
-.514** -.045 -.449** .103 -.328
-.031 .024 .120 .273 .501**
-.222 -.252 -.090 .253 -.111
.295 -.013 .186 -.402* -.026
-.488** -.049 -.031 .126 .051
.178 .131 -.082 -.217 .208
-.407* -.195 -.105 .270 .210
1.000 .231 .353* -.235 .151
.231 1.000 .011 -.134 -.049
.353* .011 1.000 -.127 .150
-.235 -.134 -.127 1.000 .282
.151 -.049 .150 .282 1.000
-.186 -.134 .128 .376* .037
-.393* -.147 -.268 -.036 -.149
-.136 -.051 -.155 -.075 -.150
-.136 -.051 -.065 -.075 -.150
-.136 -.051 -.130 -.075 .141
.109 .171 -.164 .021 -.173
-.026 .322 .030 -.045 -.246
-.140 .069 -.209 -.169 -.413*
-.076 -.045 -.419* -.291 -.450**
.179 .018 .175 .045 .306
.012 -.246 .386* .325 .431**
.167 -.079 .169 .109 .382*
Non-parametric Correlation Coefficients
rho<-0.449999, Sig. at 0.05
rho>0.4499999, Sig. at 0.05
Lycium
andersonii
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Table 3.11(E):  Non-parametric correlation coefficients of canopy characteristics are 
calculated as rho-values.  Cells in blue show significant negative relationships at the 
0.05 level, with rho-values of -0.45 or less.  Cells in orange show significant positive 




































Krameria Encelia Tiquilia Ambrosia
-.175 -.106 -.106 -.285 .016 .113
-.035 -.329 -.204 .155 -.253 -.278
.119 .295 .172 -.025 .074 .047
.074 .037 .177 .067 -.185 .011
-.108 .144 .676** .717** -.041 -.244
-.075 -.082 -.029 -.029 -.029 .051
.119 -.055 .090 .114 -.187 -.103
-.131 -.127 -.106 -.252 -.057 .033
.106 .358* .220 .016 .114 -.094
-.157 .028 -.060 -.060 .522** .062
-.141 -.059 -.103 .216 -.103 .158
.036 .313 .220 .024 .138 -.020
.193 .020 -.157 .070 .165 -.476**
-.038 .260 .244 -.016 -.187 -.120
.103 -.210 -.106 .203 .049 .154
-.235 -.029 -.136 .318 -.136 -.109
-.217 .053 -.082 -.082 .341* -.048
.209 .230 -.110 -.110 .170 -.613**
-.186 -.393* -.136 -.136 -.136 .109
-.134 -.147 -.051 -.051 -.051 .171
.128 -.268 -.155 -.065 -.130 -.164
.376* -.036 -.075 -.075 -.075 .021
.037 -.149 -.150 -.150 .141 -.173
1.000 .164 -.075 -.075 -.075 -.041
.164 1.000 .294 -.082 .271 -.202
-.075 .294 1.000 -.029 -.029 -.170
-.075 -.082 -.029 1.000 -.029 -.170
-.075 .271 -.029 -.029 1.000 -.170
-.041 -.202 -.170 -.170 -.170 1.000
-.145 -.016 .203 -.024 -.057 .350*
.007 .193 .285 .073 -.089 .266
-.001 .246 .106 -.024 .057 .232
-.059 -.203 -.285 -.024 .171 -.217
.142 -.096 -.106 .057 -.252 -.220
-.041 -.178 -.268 -.057 .089 -.258
rho<-0.449999, Sig. at 0.05
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Table 3.12:  Parametric correlation coefficients of interspace cover characteristics are 
calculated as Pearson’s R-values.  Cells in blue show significant negative relationships 
at the 0.05 level, with R-values of -0.45 or less.  Cells in orange show significant 
positive relationships at the 0.05 level, with R-values of 0.45 or greater.
Interspace Total BSC Interspace Limestone
000.1CSB latoT ecapsretnI -.799**
Interspace Limestone -.799** 1.000
922.-tliS ecapsretnI .439**
562.dnaS eniF ecapsretnI -.486**
740.571.-dnaS ecapsretnI
622.dnaS latoT ecapsretnI -.431**
Pearson's R <-0.449999, Sig. at 0.05
Pearson's R >0.4499999, Sig. at 0.05
Parametric Product Moment Correlation Coefficients




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































$)%)4$'%&)$%'*.&-&C&D')2)&"!)+' )'-"*$)&&"& !%$'(" &
 4"&)$%*"&).*'"& !2*),$!"'*$-$'%&)$%'),"*$ *$!*"4$) &($&&-.!
",%.-"!-("$ +%." '"&)+&)$%4"))*2()%)4!$&-*$.-$) )+& !!"&"*-
2,"" -&) -("!","%)2" -)++"*-$%"$&% !&A$-($ -(")9,""&"*-",!
--$&-$'% %&"&)++$"%! !%)*-)*!-$ !$'-"!-(-+"*-$%$-2--"* &*"
&-*) 4%-$"!-)-("4")+% !+)*&$ 2.-)++$ "& ! !$ -"*&2'"'),"*
"))*2($'2*)'"&&"&') -*)%-("& !-)*)':*-$) !-("+)*-$) )+-(*""&.*+'"
'),"*-2"&A($'(.%-$-"%!"-"*$ "+"*-$%"$&% !4 $-.!"C5D$4(' )2
$ -"*&2'" .-*$" -!$&2*$-$"&!","%)2) *)':'),"*"!&.*+'"&-(-!$&2%L!"&"*-
2,"" -M'),"*A$-(%)A-))!"*-"!" &$-)&&%$'(" '*.&-&C/D)!"*-"
' )2$ -"*&2'" .-*$" -!$&2*$-$"& !%)A),"*%%+"*-$%$-*"&.22)*-"!
' )'-"*$'*.&-&-(-!","%)2) & !!)$ -"!&.*+'"&C;D	)A' )2
$ -"*&2'" .-*$" -!$&2*$-$"&!","%)2A("*"($4(!" &$-)&&%$'(" '*.&-&+)*%) 4
&-%"*)':'),"*"!&.*+'"&("&"A"%%!","%)2"!&"%",-"$ -"*&2'"+"*-$%$-
A($'($ '*"&"s a site’&&.&'"2-$$%$--)"8)-$'4*&&$ ,&$) &("& !-)*)':*-$)
&.*+'"'),"* !+"*-$%"$&% !2--"* &,*2*"!$'-%'*)&&$ -"*) - "&$ &
"82%$ $ 4% !&'2"&'%"$)4")'("$'%2--"* &)$%'),"*') -*)%)++"*-$%"$&% !
4 $-.!"$&&-*$:$ 4%&$$%*'*)&& !"&"*-&($&&$$%*$-').%!*"+%"'-
. $,"*&%$)4")'("$'%2--"* &-(-!","%)2*"4*!%"&&)+-)-%"')&&-"
2*)!.'-$,$-("&" "A2"*&2"'-$,"&&().%!"') &$!"*"!&&'$" -$&-&2)%$':"*&
          220
 !% ! 4"*&!!*"&&'%$-"'( 4""8)-$'2% -$ ,&$) & -(*)2)4" $'
!$&-.* '"& !!"&"*-$+$'-$) ! $'&

 -*)!.'-$) 
$)%)4$'%&)$%'*.&-&C&D2%2*$ '$2%*)%"&$ *$!"')&&-"! $'&
("&"'*.&-&*"')2%"8-*$'"&)+' )'-"*$%4"%$'(" &)&&"&$'*)+. 4$
 !'-"*$C*$"!   !%. 5O<=D-(-+.&"*). !&)$%-)'*"-"2*)-"'-$,"
!"&"*-&:$ C&""(2-"*&/;DC2"%%"-%5O>O"% 2 !*! "*5OO;
'7"  ". "-%5OO?%!*$!4" !	"&/00;)A:"*"-%/00>D
)*4 $&&*""')&&-"" 4$ ""*&-(-C)A:"*/00<D 4"&)$%)$&-.*" !
-"2"*-.*"C))-(5O=5"% 25OO1"%')"-%/005"% 2/00?D2*))-"
% !&'2"&-$%$-C&""(2-"*;DC))-(5O=5'7"  ". "-%5OO? -) "-
%/00;	$"-%/00=()& !).4$%%/00<(.!(*"-%/00OD !$ +%." '"
,&'.%*2% -4*)A-(C"4C"%')"-%/005	$"-%/001&'.!"*)"-%/00<DD
(""')%)4$'%$2'-)+&$&-$"!-)-("$*)*2()%)4 !&2"'$"&')2)&$-$) 
*%&.''"&&$) &))-(' )'-"*$'*.&-&C$4.*"=5D(,"!$++"*" -$2'-&) &)$%
A-"*C%!*$!4" !*"" "5OO=%!*$!4" !)&" -*"-"*5OOO, & !)( &" 
5OOO7$!*) "-%/00/"% 2/00?D-"2"*-.*"C"% 25OO1"% 2"-%/00;
"% 2/00?D !!.&-'2-.*"C(2-"*&/;D-( &()*-)&&%$'(" '*.&-& !%-"*
&.''"&&$) -%%)&&%$'(" 2$  '%"!'*.&-&C$4.*"=/DC&""(2-"*&/;D("
"')%)4$'%$2'-&)+&*"2)-" -$%%" )*).&&-("&"'*.&-&' ')2*$&".2-)
<02"*'" -)+%$,$ 4'),"*'*)&&*$!&)$%&C"% 25OO=D
          221
 &&-*) 4%$ +%." '"&)$%+"*-$%$-$ *$!*"4$) &*.&-&+$8'*) CD
 $-*)4" CD !') -*$.-")*4 $'--"*C7%"$ "* !*2"*5O<<"% 2/00/
*4"*"-%/00?)A:"*/00<%"*-"-%/00OD&2*"," -"*)&$) %%)&&"&)+
&)$% .-*$" -&C"% 25OO1*4"*"-%/00?)A:"*/00<D !'2-.*"%*4",)%."&
)+ .-*$" -*$'(!.&-C&""(2-"*&/;DC $  ! )*5OO5"% 2 !*! "*
5OO;('(: !	),"--5OO>Ds’ va*$%"$ +%." '") A-"*$ +$%-*-$)  !
*. )++C&""(2-"*&/DC))-(5O=5$*5OO0%!*$!4" !)&" -*"-"*/00;"% 2
/00?&&"-%/00OD2)-" -$%%'.&"+""!':"'( $&&-(-%-"* .-*$" -
%%)'-$) A$-($ -("&)$%C"%')"-%/005%!*$!4" !)&" -*"-"*/00;	$"-%
/00>D
*.&-$ +%." '") &)$% .-*$" - !)$&-.*",$%$%$-(&%&)"" &()A -)
$2'--("+"*-$%"$&% !"++"'-*)%""-%5OO<('(: !	),"--5OO>*2"*
 !"% 2/005"++"-%/001()2&) "-%/001).& "-%/00?:$ "-
%/00?	$"-%/00>D("+"*-$%"$&% !"++"'-$&A$!"%*"')4 $I"!2(" )" ) 
A("*"$ &)$%*"&).*'"&*"') '" -*-"!"%)A&(*.' )2$"&C(*%" !#"&-5O<<
'(%"&$ 4"*"-%5OO05OO?7$"+-"-%5OO>'(%"&$ 4"* !
$% $&5OO>4.$*
 !%5OOO)%%$ 4 !#%:"*/00/$-.&"-%/00/A$ 4"-%/00<	$"-%
/00<D"-"*)4" "$-)*L2-'($ "&&M$ &)$%*"&).*'"&$&&&)'$-"!A$-($ '*"&"!
!"&"*-$+$'-$)  !'-&-*)2($'"')&&-"&($+-&C4.$* !%5OOO$"-:"*:"-%
/00=$!)%+$"-%/00>D($&2*)'"&&$&)&-&-*) 4%"82*"&&"!$ *$!&(*.% !&
A$-("8-" &$,"2% -$ -"*&2'"&C(*%" !#"&-5O<<'(%"&$ 4"*"-%5OO05OO?
7$"+-"-%5OO>'(%"&$ 4"* !
$% $&5OO>)%%$ 4 !#%:"*/00/$-.&"-%
/00/A$ 4"-%/00<	$"-%/00<D#$ ! !A-"*"*)&$) C$" &"-%5O>;
          222
'(%"&$ 4"*"-%5OO0*(&"-%5OO=7$"+-"-%5OO>4.$* !%5OOO
:$ "-%/005)%)!"-& !)":" /00?:$ "-%/00?D!$++"*" '"&$ A-"*
*. )++$ +$%-*-$)  !",2)-* &2$*-$) C'(%"&$ 4"*"-%5OO0*(&"-%5OO=
*-$ "I"I !#($-+)*!5OO?*)%""-%5OO<#($-+)*!"-%5OO<. :"*%"
/000#%:"*"-%/005)A"& !*(&/00;%!A"%%"-%/00>	$"-%
/00>D$)%)4$'%'-$,$-C	9-( !'(%"&$ 4"*5O>?'(%"&$ 4"*"-%5OO?
'(%"&$ 4"* !
$% $&5OO>4.$%"*"-%5OOOB!"-%/005$-.&"-%/00/
A$ 4"-%/00<D2% -' )2'2-.*")+!.&- !A-"*" -*$ "!&"!$" -C$" &
"-%5O>;#($-+)*!"-%5OO<('(: !	),"--5OO>	$"-%/00<	$"-%/00>D
2% -.2-:"C'(%"&$ 4"*"-%5OO?'(%"&$ 4"* !
$% $&5OO>D !2% -%$--"* !
)*4 $'*"&$!."''..%-$) C(*%" !#"&-5O<<'(%"&$ 4"*"-%5OO?B!"-
%5OO?'(%"&$ 4"* !
$% $&5OO>B!"-%/005$-.&"-%/00/D') '" -*-"
A-"* ! .-*$" -&*). !&(*.' )2$"&C'(%"&$ 4"*"-%5OO05OO?'(%"&$ 4"* !

$% $&5OO>)%%$ 4 !#%:"*/00/)A"& !*(&/00;D( 4"&$ 
 .-*$" -%%)'-$)  !(!*)%)4$'%! $'&+,)*-(""&-%$&(" -)+&(*.&),"*
4*&&"&%"!$ 4-)$ '*"&"!!"&"*-$+$'-$) C$" &"-%5O>;'(%"&$ 4"* !) "&
5O>='(%"&$ 4"*"-%5OO0*)%""-%5OO<7$"+-"-%5OO>'(%"&$ 4"* !

$% $&5OO>4.$* !%5OOO$!)%+$"-%/00>D"&"*-2,"" -&%&)
++"'--("%)'-$) )++"*-$%"$&% !& -"*%)':$ 4!"&"*-2,"" -&2*"," -2% -
4"*$ -$)  !&&)'$-"!,()*$I) &!"'*"&"$ +$%-*-$) +.*-("*%$$-$ 42% -
4*)A-(C#"%%&"-%5O><"*% ':"-%/00/#))!"-%/001"!)A&"-%
/00>D2*",$).&&-.!A$-($ -(")9,""&"*-') '%.!"!-(-+"*-$%"$&% !
4 $-.!"A&') &$&-" -'*)&&A$!""%",-$) 4*!$" - !-(-&(!%$--%"
          223
!"-"'-$%"$ +%." '") &)$%+"*-$%$-C()2&) "-%/001D)A","*&-.!2"*+)*"!
$ -(")%)*!)
%-".') '%.!"!-(-&!$*"'-%$ +%." '"$ -"*&2'"' )2
 .-*$" -! $'& !-("+"*-$%"$&% !"++"'-C).& "-%/00<D
$," -("2)-" -$%&$4 $+$' '")+&$ &)$%*"&).*'"%%)'-$) 2*"!$'-$ 4
-("$*!$&-*$.-$) $&'*$-$'%-). !"*&- !$ 4+"*-$%"$&% !! $'&')2 $) &-.!
+). !-(-&)$%4"))*2($'2*)'"&&"&') -*)%-("*"%-$,"!$&-*$.-$) )+-(*""$ -"*&2'"
'),"*-2"&C&""(2-"*;DC5D )'-"*$'*.&-&+)*%) 4& !&(""-&')2)&"!
2*$*$%)++$ "& !C%"=5$4.*"=;DC/D$4(!" &$-)&&%$'(" '*.&-&)''.*
%) 4&-%"&.*+'"&')2)&"!)+$8"!& ! !4*,"%&.'(&$!-)%-")%)'" "
$ &"-+ &C%"=5$4.*"=;DC;D
))*%$ -"*%)':$ 4L!"&"*-2,"" -&MA$-(%)A-)
)!"*-"!" &$-)&&%$'(" '*.&-&!","%)2%) 4*)':'),"*"!&.*+'"&&.'(&

%"$&-)'" " !)%!"*%%.,$%&.*+'"&C%"=5$4.*"=;D
($&&-.!A&. !"*-:" -)$ ,"&-$4-"-("*"%-$) &($2&"-A"" &)$%
4"))*2()%)4&)$%&.*+'"'),"* !&(*.' )2$"& !-("$*"++"'-) 
$)4")'("$'%-*9"'-)*$"&A$-($ 2)*-$) )+-(")9,""&"*-	 !&'2"') -*)%&
) !","%)2" - !&)$%*"&).*'"&A"*"%&)&-.!$"!-)!","%)2')2*"(" &$,"




("/>:/&-.!*"%$"&A$-($ 2)*-$) )+-("$!!" %%"*")+*$-$'%
 ,$*) " -%) '"* CD$ -(".!!). -$ &#$%!"* "&&*"",!
C$4.*"&===1D-;?f/0Y !55=f=/Y#("*"$&$!"%+)*&-.!$ 4&
          224
 !&)$%"')%)4$'%*"%-$) &($2&&-(",%%"') -$ &A"%%!","%)2"!&,*$%"
'*.&-!$&-*$.-$) ')) ,&'.%*2% -'). $-$"& !!$,"*&"&)$%4"))*2()%)4
("&-.!*"$&%)'-"!A$-($ -(")9,""&"*-'%$-"I) " !$&'(*'-"*$I"!
()-!*&."*& !'))%)$&-A$ -"*&(","*4"  .%-"2"*-.*"$&/<^ !
-(""   .%2*"'$2$--$) $&55=)&-2*"'$2$--$) +%%&+*) .*-)
*'(A(" ,"*4"($4(-"2"*-.*"&* 4"+*)5=/5^."*&*"!*A$-(
&)"2*"'$2$--$) !.*$ 4-("A*"&-) -(&)+.% !.4.&-A(" ,"*4"($4(
-"2"*-.*"&* 4"+*);O=0^C)*"%)A !:*'/001D 
 $!!" %%"$&&"$" '%)&"!&$ -(-!*$ &&$ 4%"A&(C$4.*"=1D
*$ 4)+'*) -" !& !&-) "). -$ &*$&".2-) "%",-$) )+5?=/2*),$!$ 4
&).*'")++$ "& ! !%$"&-) "4*,"%&)$%2*" --"*$%&-)-("&$ +%))*A($'(
%$"&-5000(",%%"') -$ &&.$-")+%%.,$%4"))*2($'&.*+'"&A$-(
$ -"*&2"*&"!& !&(""-& !')%%.,$.* 4$ 4$ 4"+*)%-"$)'" ")*"*%$"&-

%"$&-)'" "-)'-$,"!*$ 4"&C$4.*"=?D("). 4"&-%%.,$%&.*+'"&)''.*-
-)2)4*2($'%)A& !*"$ &"-4$ &-)%!"*-)2)4*2($'%%($4("*&.*+'"&'(
4"))*2($'&.*+'"!$&2%&. $3."&)$%'(*'-"*$&-$'& !&.*+'")*2()%)4-(-*"
*"+%"'-$) )+4"))*2($'2*)'"&&"& !!"4*"")+2"!)4" "&$&C%"=/D(")%!"&-
%%.,$%&.*+'"&	-"$)'" "-)"*%$"&-
%"$&-)'" "E !E)5"*)&$) %+ 
*"  -&(,"&))-(2))*%-))!"*-"%$ -"*%)':$ 4!"&"*-2,"" -&,()*$I) &





"-"*&) 5O>5D !E$$ &"-+ &%&)!$&2%&))-(2))*%
-))!"*-"%$ -"*%)':$ 4!"&"*-2,"" -&A$-(,()*$I) &-(-),"*%$"-4"
          225
2"-*)'%'$'()*$I) &("&.*+'"&)+-("$!-)%-")%)'" "$ &"-+ &E5 !
E/*"')2)&"!)+$8"!& ! !4*,"%A$-(+$ --).-"!* !&A%"
)*2()%)4)$%2*)+$%"&!$&2%&-4":()*$I) &A$-(-($ ')-&)+&"') !*
'*) -") '%&-& !51/<'-($':,()*$I) &+)*$ 4"%)A-%%)&&%$'(" 
2$  '%"!'*.&-&C&""(2-"*&/;D"'" -% !) "!E;$ &"-+ &(," "4%$4$%"
&)$%!","%)2" - !!$&-$ '-* !&A%"&.*+'")*2()%)4'*"-$ 4($4(&.*+'"
*).4( "&&'-$,"'(  "%&)*E=(,"!$&-$ '-* !'(  "%&.*+'")*2()%)4
-(-'*"-"&($4(&.*+'"*).4( "&&("&"'(  "%&"82"*$" '""2(""*%%%.,$%
'-$,$-)%%.,$.)*E')''.*&-(*).4().--("+$"%!*"%) 4&-""2&%)2"&"%)A
'%$+++'"& !$&')2)&"!)+$8"!& !4*,"% !).%!"*&)%)'" "'-$,"& !
&(""-&E"+)*& ! -%"&),"*%%.,$.)*),"*"!*)':("&"&.*+'"&(,"
($4(& !&%--$) '-$,$- "4%$4$%"&)$%!","%)2" - !-("-($': "&&)+-("")%$ 
& !* 4"&+*)+"A'-)),"*/-($':C&""(2-"*;D
 &'.%*2% -'). $-$"&*"')2)&"!)+')) )9,""&"*--8
)$  -&2"'$"&$ '%.!"Larrea tridentataAmbrosia dumosaMenodora spinescens
Krameria erectaColeogyneramosissimaPsorothamnus fremontiiHymenoclea salsola, 
Pleuraphis rigida, !Ephedra nevadensis-("*')) &2"'$"&$ '%.!"Opuntia
basilarisCylindropuntia echinocarpa, Encelia farinosa, Prunus fasciculata, 
Krascheninnikovia lanata, Salvia dorrii, Sphaeralcea ambigua, Eriogonum fasciculatum, 
Eriogonum inflatum, Lycium copperi, Tiquilia canescens, Chilopsis linearis  !Lycium 
andersoniiC&""(2-"*;DC%!A$ "-%/00/DBromus rubens$&')) $ ,&$,"
4*&&-(-' "+). !-(*).4().--(",%%""%)A&(*.&)*A$-($ 2% -$ -"*&2'"&
C&""(2-"*;D
          226
 (*""2*$*-2"&)+&!)$ -"-("&-.!*" !!","%)2-(*).4(
 -.*%&.''"&&$) C5D))-('*.&-&+)*+$*&- !*"!)$ -"!+$%" -).&
' )'-"*$&.'(&Microcoleus("&"'*.&-&*"')) %&&)'$-"!A$-(*"&)$%
 !%&)$ '%.!"2(&$'% !K)*'("$'%'*.&-$ 4-(-.4" -&&)$%&-$%$-C$4.*"
=5DC&""(2-"*/D"8-C/D()*-)&&%$'(" '*.&-&!","%)2("&"'*.&-&(,"
*)%%$ 4&.*+'")*2()%)4 !%"&&-( /')+*"%$"+C&""(2-"*/D()*-)&&
%$'(" '*.&-&') -$ ' )'-"*$&.'(&Microcoleous .-*"!)$ -"!)&&"&
 !%$'(" &)&&"&$ '%.!"yntrichia caninervisBryum !Pterygoneurum
"%-$ ).&%$'(" &*"2*"!)$  -%Collema3..%)&"%$'(" &$ '%.!"Placidium,
Psora decipiens,  !Peltula," -.%%C;D-%%)&&%$'(" 2$  '%"!'*.&-&C&""
(2-"*/D!","%)2&)&&"&%$'(" & !' )'-"*$')%%"'-!.&-'*"-$ 4-("






($&&-.!’s me-()!&A"*"&"%"'-"!-)$ ,"&-$4-"-("*"%-$) &($2&"-A"" &
 !&.*+$'$%$)4")'("$'%2*)2"*-$"& !()A-()&"*"%-$) &($2&!$++"*'*)&&-("
% !&'2"C"-$%"!"-()!&*"!"&'*$"!$ 22" !$'"&5/ !5=D#$-($ -("/>
:/&-.!*"C&""(2-"*;D'(*'-"*$I-$) &)+4"))*2()%)4&)$%& !&A"*"
')2%"-"!C22" !$85/D"-$%"!!"&'*$2-$) &)+&4"))*2()%)4 !&)$%&' 
"+). !$ (2-"*;.%:&)$%&2%"&A"*" %I"!-)3. -$+2(&$'% !
          227
'("$'%2*)2"*-$"&C22" !$85//;D")4*2($' +)*-$) &-"CD %&"&
A"*".&"!-)'(*'-"*$I"-("4"))*2($' !-)2)4*2($'*"%-$) &($2&)+&
-(*).4().--("&$-"C22" !$'"&5/1D$"%!%)*-)* !).-2.-A"*"')2$%"!
C%"=;22" !$85/?D$ %%&--$&-$'% %&"&3. -$+$"!-("*"%-$) &($2&)+
&.*+'"'),"*-2"&-)&)$%2(&$')'("$'% !&)$%4"))*2($''(*'-"*$&-$'&
C22" !$85=D($"**'($'%22*)'(A&-:" +)*-("&" %&"&A($'("4 
"82%)*$ 4.%-$,*$-"*"%-$) &($2&C22" !$85=/D !&.''"&&$,"%A)*:$ 4!)A -)
"-"*&'%"*"%-$) &($2&	 !&'2"C$4.*"=<22" !$85=;5D !&)$%&.*+'"
'),"*C$4.*"=>=O22" !$'"&5=;/5==5D*"%-$) &($2&A"*" %I"!-(*).4(
& !--"&-&"%-$) &($2&"-A"" ' )2$"& !$ -"*&2'"&A"*"3. -$+$"!
.&$ 4&"*$"&)+2$*"!--"&-&C$4.*"&=50=5522" !$85==/D$ %%&"*$"&)+
')**"%-$) ')"++$'$" -&"82%)*"!*"%-$) &($2&"-A"" ,*$%"&C22" !$85=1D
"&.%-&
 )'-"*$-.!
 '.%*"&-$-"&)+&.*+'"'*.&-$ 4*" "++"'-$,"2*)8)+' )'-"*$
2*"&" '")*&" '"C$4.*"=5/D2%"&2*"!$'-"!-)(,"($4(' )'-"*$'),"*
&$ !$'-"!`;1_&.*+'"'*.&-$ 4(!&$4 $+$' -%4*"-"*+$%" -).&
' )'-"*$%') '" -*-$) &)*;?_2*"&" '"-( -()&"2*"!$'-"!-)(,"%)A'),"*
&"!) j50_&.*+'"'*.&-$ 4A($'((!0>_2*"&" '"

%)--	 %&"&J)%* &)%-$) 
 (*.' )2'),"*$ -"*&2'"K' )2&)$%'),"*&)$%2(&$')'("$'%
2*)2"*-$"&&)%*$ &)%-$)  !)-("*&$-"'(*'-"*$&-$'&A"*"($4(%,*$%") 4-("
          228
;?2%)-&-&.*$"&2%)- !$ !$,$!.%'(*'-"*$&-$'&*"&.*$I"!$ -("
!$4$-%!-&"-C&""--'("!$ -($&!$&&"*--$) D"%-$) &($2&"-A"" 




-(*""!$" &$) %)*!$ -$) $%%.&-*-"&&"%"'-')**"%-$) &"-A"" 
$)%)4$'% !" ,$*) " -%,*$%"&C$4.*"=5;D(")*!$ -$) 4*).2&$ !$,$!.%
2%)-&'')*!$ 4-)!$++"*" '"&$ $)%)4$'%$ -"*&2'"&.*+'"'),"*&*"')*!"!$ 2)$ -
'). -&(",%."&)+&.*+'"'),"**"A"$4(-"!2"*'" --)-%$ -"*&2'"'),"*("
&2"'$"&&$$%*$-$"&*"&$2%$+$"!$ -)-(*""!$" &$) &.-) %-A)!$" &$) &*"
&()A $ -("$4.*"=5;($&)*!$ -$) !$&2%&&-*) 4*"%-$) &($2&A$-(*"%-$,"%
%)A&-*"&&)+O= !&$4 $+$' '"--("2h005O?%","%(")*!$ -$) $ !$'-"&)&&"&
Collema%$'(" Psora%$'(" Placidium%$'(" Peltula%$'("  !Bromus"8)-$'4*&&
*"%%2)&$-$,"%&&)'$-"!-)"'()-("*("&"'),"*-2"&()A","**" "4-$,"%
&&)'$-"!A$-( ) 4*&&2% -%$--"* !' )'-"*$ ,$*) " -%),"*%&*"
&()A &,"'-)*&-(-2)$ --)A*!&2"'$"&A$-(A($'(-("*")&-&-*) 4%&&)'$-"!
("4 $-.!")+-("&"*"%-$) &($2&$&$ !$'-"!-("%" 4-()+-(","'-)*&A$-(-("
%) 4"&-%$ "&')**"&2) !$ 4-)-("&-*) 4"&-*"%-$) &($2&)+-(","'-)*&-)-(")*!$ -$) 
8"&("!-$ -($&2%)-C$4.*"=5;D$ !$'-"-(-)&&"&%%%$'(" & !
Bromus"8)-$'4*&&*"2)&$-$,"%*"%-"!-)8$.2$  '%"("$4(-2)-&&$.C7D
)*) CD'%'$.CD"%"'-*$'%') !.'-$,$-C"D !$*) C"DA($%" ) 4*&&
2% -%$--"* !' )'-"*$*"2)&$-$,"%*"%-"!-)*"&)$%*) -) $-*)4" CGD
          229
*-$)& ! $-*-"C;D*" "4-$,"%*"%-"!-)%%&.*+'"'),"*-2"&)22"*C.D(&
)!"*-"2)&$-$,"*"%-$) &($2-)' )'-"*$'),"* !%$--"*
&+)*"))*2($'.*+'"*).2&

*"-*$' ! ) 2*"-*$'&$ !$'-"$2)*- -!$++"*" '"&$ &)$%
&.*+'"'),"*' )2'),"* !&)$%2(&$')'("$'%*"%-$) &($2&"-A"" +).*4*).2&
)+4"))*2($'&.*+'"&C$4=5=D"&.%-&+*)$ !$,$!.%&' "+). !$ 
$4.*"&=51=/5
$!-)%-")%)'" "E5E/$ &"-+ &A($'(*"')2)&"!)+$8"!
&.*+$'$%4*,"% !& !*"'(*'-"*$I"!($4(!" &$-)&&%$'(" '),"* !
"%",-"!&)$%+"*-$%$-"%-$,"-))-("*&.*+'"-2"&$!-)%-")%)'" "&.*+'"&
(,""%",-"!' )2'),"*Bromus"8)-$'4*&&Collema%$'(" Placidium%$'(" 
 !"%",-"!$ -"*&2'"'),"*)&&"&CollemaPlacidium !)&&%$'(" $!-)
%-")%)'" "&.*+'"&%&)') -$ -("-%%"&-$ -"*&2'")&&%$'(" 2$  '%"&)+%%
4"))*2($'&.*+'"& )2$"&(,""%",-"!I$ 'CB D)%!" .C)D !-)-%
 -"*&2'"&(,""%",-"!-)-%& !4 "&$.C4D"7" $':"%C$D')%-
C)D" !.-(,"-("%)A"&-.') '" -*-$) &G*-$)&*"%&)&$4 $+$' -%
%)A"*-( )-("*&.*+'"&
.*+$'$%& !&(""-&)*E"*"'(*'-"*$I"!($4(' )'-"*$'),"* !
%)A+"*-$%$- )2$"&(,"%)A)&&%$'(" '*.&-'),"* !$ -"*&2'"&(,"%)A'),"*
)&&"&%$'(" & !*)':& !&(""-&%&)(,"-("&()*-"&-$ -"*&2'")&&%$'(" 
'*.&-& )2$"&(,"-("%)A"&-') '" -*-$) &)+B )-)-%)*4 $' !
-)-% -"*&2'"&(,""%",-"!-)-%& ! ! ) 4*&&2% -%$--"*.-(,"%)A4
          230
"74"$),%."& !G*-$)&.$&&%$4(-%"%",-"!
%-().4(-($&*"%-$) &($2$& )-&$4 $+$' -

%"$&-)'" "$ &"-+ &)*E$*"'(*'-"*$I"!($4(*)':'),"*)!"*-"
%$'(" '),"*%)A$ -"*&2'"+"*-$%$- !)!"*-"' )2+"*-$%$-
%"$&-)'" "$ &"-
+ &(,""%",-"!'),"*Coleogyneramosissima !"%",-"!' )2&)$%'),"*
%$"&-) "'%&-&Collema%$'("  !Placidium%$'("  -"*&2'"&(,""%",-"!-)-%
*)':'),"* )2$"&(,""%",-"!'%') -" -&A($%"$ -"*&2'"&(,""%",-"!'%
 !&$%-') -" -& )2$"&(,""%",-"!)') '" -*-$) & -"*&2'"&(,"%)A4
 !7') '" -*-$) &.-&%$4(-%"%",-"!$') '" -*-$) &
	-"$)'" "-)"*%$"&-
%"$&-)'" ""*)&$) %+ *"  -&)*EE)5*"
'(*'-"*$I"!($4(*)':'),"*%)A$ -"*&2'"+"*-$%$- !($4(' )2+"*-$%$-
 )2$"&%) 4-("&""*)&$) %+ *"  -&(,"%)ABromus"8)-$'4*&&'),"* !
"%",-"!'),"*ColeogyneramosissimaCollema%$'(" Placidium%$'(" %$"&-) "
'%&-& !-)-%*)':& )2$"&%&)(,""%",-"!-)-%-)-% !)*4 $'
 -"*&2'"&(,"%)A4 !7 !"%",-"!. !G*-$)&
&+)* -"*&2'".*+'"),"**).2&

*"-*$' ! ) 2*"-*$'&$ !$'-"$2)*- -!$++"*" '"&$ &)$%
&.*+'"'(*'-"*$&-$'&!9'" -' )2'),"* !&)$%2(&$')'("$'%*"%-$) &($2&
"-A"" -("-(*""-2"&)+&)$%$ -"*&2'"'),"*C$4.*"=//D("&"-(*""9)*
$ -"*&2'"'),"*4*).2&-"&-"!*"*"&A$-(`;5_' )'-"*$*"&)$%'),"*`;/_
)&&%$'(" '),"* !`1;_$ -"*&2'"*)':'),"*CL!"&"*-2,"" -&MD"&.%-&+*)
$ !$,$!.%&' "+). !$ $4.*"&=/;=/<
          231
)2*"!-))-("*'),"*-2"&' )'-"*$*"$ -"*&2'"&*"'(*'-"*$I"!
%)A+"*-$%$-("&"$ -"*&2'"&A($'(')) %)''.*$ ') 9. '-$) A$-(*"&)$%
*"&&)'$-"!A$-(Pleuraphis rigida !Menodora spinescens' )2$"&),"*-)-%
&' )'-"*$*"&)$% !' )'-"*$*"*"%%"%",-"!.-'),"*
&.*+'"*)':& !)&&%$'(" '*.&-&*"%)A
$  '%"*"%$"+$&-("%)A"&-)+%%4*).2&
 -"*&2'"+$ "& ! !-)-%& !*""%",-"!7"4$"8-*'-%"
2()&2()*.&C
DG*-$)&"-)-%$ )*4 $')*4 $' !-)-%*"%)A.
$&&$4 $+$' -%"%",-"!A(" ')2*"!-))-("*&.*+'"'),"*4*).2&
)2*"!-))-("*'),"*-2"&($4(!" &$-)&&%$'(" $ -"*&2'"&A($'(%&)
$ '%.!"&)"' )'-"*$'),"**"&&)'$-"!A$-(($4(+"*-$%$-("&"$ -"*&2'"&
(,""%",-"!'),"*-)-%&)&&"&Placidium%$'(" )&&%$'(" Collema
%$'("  !Bromus"8)-$'4*&&"&("&"&.*+'"&%&)(,"-("4*"-"&-2$  '%"*"%$"+
)&&%$'(" $ -"*&2'"&(,""%",-"!+$ "& !-)-%& ! !,"*+$ "& !
 -"*&2'"&(,""%",-"!7"$4"-)-%)*4 $' !-)-%
)A","*$ -"*&2'".$ )*4 $'G*-$)&*"%)A
)2*"!-))-("*'),"*-2"&*)':'),"*"!$ -"*&2'"&CL!"&"*-2,"" -MD*"
&&)'$-"!A$-(%)A-))!"*-"),"*%%+"*-$%$-.-($4($ )*4 $' !)*4 $''*) 
 -"*&2'"'),"*-)-%*)':&%$"&-) "'%&-&2"-*)'%'$''%&-& !& !&-) "'%&-&
*""%",-"!)':$ -"*&2'"&%&)(,""%",-"!&$%-'% !,"*+$ "& !
) '" -*-$) &)+$ -"*&2'"7$4 ! !",%."&*"%)A')2*"!-)
)&&%$'(" $ -"*&2'"&8-*'-%"
G*-$)&-)-%$ )*4 $')*4 $' !
-)-%*""%",-"!

          232
 !"2" !" -2%"&-"&-&+)*Bromus),"**).2&

*"-*$' ! ) 2*"-*$'&$ !$'-"$2)*- -!$++"*" '"&$ &)$%
&.*+'"'(*'-"*$&-$'& !&)$%2(&$')'("$'%*"%-$) &($2&"-A"" *"&)+($4( !
%)ABromus"8)-$'4*&&'),"*C$4.*"=//D"&.%-&+*)$ !$,$!.%&' "
+). !$ $4.*"&=/>=/O*"&)+($4(Bromus"8)-$'4*&&)''.*$ ') 9. '-$) A$-(








*"-*$' ! ) 2*"-*$'&$ !$'-"$2)*- -!$++"*" '"&$ &)$%
&.*+'"'(*'-"*$&-$'& !&)$%2(&$')'("$'%*"%-$) &($2&"-A"" %%&(*.' )2$"&
 !&&)'$-"!$ -"*&2'"&C%"==D"&.%-&+*)$ !$,$!.%&' "+). !
$ $4.*"&=;0=;=
#(" %%-2"&)+$ -"*&2'"&*"')$ "!-("')) %(,"($4("*'),"*
-)-%&Collema%$'(" Placidium%$'(" )&&%$'(" %$"&-) "'%&-& !-)-%
*)':'),"*A($%"$ -"*&2'"&(,""%",-"! ) 4*&&2% -%$--"* !Bromus"8)-$'4*&&
%$--"* )2$"&(,""%",-"!+$ "& ! !-)-%& ! -"*&2'"&(,""%",-"!&$%- !
'% )2$"&-" !-)(,""%",-"!+"*-$%$-A$-(4*"-"*') '" -*-$) &)+74
 4 "&"C D"$.)"8-*'-%"
%&.%+-"C=D;)*4 $'
-)-% !($4("*"%","%&)A","*$ )*4 $' !G*-$)&*"4" "*%%
4*"-"*$ $ -"*&2'"&






*"-*$' ! ) 2*"-*$'&$ !$'-"$2)*- -!$++"*" '"&"-A"" 
&(*.' )2 !$ -"*&2'"'(*'-"*$&-$'&) 4$ -"*&2'"&!)$ -"!
' )'-"*$*"&)$%'*.&-&($4(!" &$-)&&%$'(" '*.&-& !($4(*)':'),"*
CL!"&"*-2,"" -&MDA$-(%)A!" &$-)&&%$'(" '*.&-&C%"=1D"&.%-&+*)
$ !$,$!.%&' "+). !$ $4.*"&=;1==/,"*%%' )2$"&(,"($4("*
+"*-$%$-.--("!$&2*$-"-A"" ' )2 !$ -"*&2'"+"*-$%$-,*$"&&+. '-$) )+
$ -"*&2'"'),"*
*"&)+($4(' )'-"*$*"$ -"*&2'"&*"'(*'-"*$I"!)!"*-"
!$&2*$-$ +"*-$%$-"-A"" ' )2$"& !$ -"*&2'"&A$-(%)A' )2+"*-$%$- !"," 
%)A"*$ -"*&2'"+"*-$%$-("&"$ -"*&2'"&(,""%",-"!'),"*Collema%$'(" 
' )'-"*$*"%$"&-) "'%&-&-)-%*)':& !*"&)$%&')2*"!-)-("$*
&&)'$-"!' )2$"&("&"' )2$"&(,"4*"-"*'),"*Bromus"8)-$'4*&&)&&"&
 ! ) 4*&&2% -%$--"* -"*&2'"&(,"($4("*') '" -*-$) &)++$ "& !
&&)'$-"!' )2$"&(,"%)A+"*-$%$-&')2*"!-))-("*' )2$"&.--("&"' )2$"&
(,""%",-"! .-*$" -&')2*"!-)' )'-"*$*"$ -"*&2'"&)*"82%"7
4)$"8-*'-%"
 !"*""%",-"!$ -("&"' )2$"& ') -*&--)
)-("*$ -"*&2'"-2"&' )'-"*$*"$ -"*&2'"&(,"4*"-"*.') '" -*-$) &
-( -("$*&&)'$-"!' )2$"&%-().4(-($&*"%-$) &($2A& )-&--$&-$'%%&$4 $+$' -
*"&A$-(($4(!" &$-)&&%$'(" $ -"*&2'"'),"**"'(*'-"*$I"!%)A
!$&2*$-"-A"" ' )2$"& !$ -"*&2'"&A$-()!"*-"+"*-$%$-),"*%%)2*"!-)
-("$*&&)'$-"!' )2$"&-("&"$ -"*&2'"&(,""%",-"!'),"*)&&"&Placidium
%$'(" )&&%$'(" -)-%&Collema-)-%*)': !%$"&-) "'%&-&("&"
          234
' )2$"&(,""%",-"!'),"*Bromus"8)-$'4*&& ! ) 4*&&2% -%$--"*("*"
A"*" )&--$&-$'%%&$4 $+$' -!$++"*" '"&$ &)$%-"8-.*""-A"" -("&"' )2$"& !
$ -"*&2'"& %+"A .-*$" -&A"*"&$4 $+$' -%"%",-"!A$-($ ' )2$"&A$-(
 .-*$" -!$&2*$-$"&)+-" "$ 43.$-"%)A74. !A"*""%",-"!$ $ -"*&2'"&
#($%"!$++"*" '"&$ )&-'-$) &A"*"%)A-("!$&2*$-$ .A&-("4*"-"&-) 4
%%&.*+'"'),"*-2"&G*-$)& !"A"*""%",-"!$ )&&%$'(" 
$ -"*&2'"&%-().4("A& )-&--$&-$'%%&$4 $+$' -=; !-)-%A"*"
4*"-"*$ ' )2$"&
*"&)+!" &"*)':'),"*CL!"&"*-2,"" -&MDA$-($ $ -"*&2'"&*"
'(*'-"*$I"!-("($4("&- .-*$" -!$&2*$-$"&"-A"" ' )2$"& !$ -"*&2'"&) 4
%%&.*+'"'),"*-2"&&-("&"' )2$"&(,"-("($4("&-+"*-$%$-)+%%*"&.-*$" -&
$ '%.!$ 474"$) "8-*'-%"
%=;" !-)-%*"
%%"%",-"!A$-($ ' )2$"&G*-$)&*""%",-"!$ *)':!)$ -"!$ -"*&2'"&
)':!)$ -"!$ -"*&2'"&(,""%",-"!'),"*Placidium%$'(" Collema%$'(" 
)&&%$'(" -)-%*)':%$"&-) "'%&-&2"-*)'%'$''%&-& !*"&)$%&&)'$-"!
' )2$"&(,""%",-"!'),"*Bromus"8)-$'4*&& ! ) 4*&&2% -%$--"*$ "
& ! !,"*+$ "& !*""%",-"!$ ' )2$"&
 )**"%-$) )"++$'$" -&

*"-*$' ! ) 2*"-*$'')**"%-$) ')"++$'$" -&&()A$2)*- -
*"%-$) &($2&) 4' )2 !$ -"*&2'"'),"*&)$%&.*+'"'(*'-"*$&-$'& !&)$%
2(&$')'("$'%2*)2"*-$"&C%"&=?=OD),"**)':&)&&"& !K)*%$'(" & !
' )'-"*$22"*-)(,"!$&2*-"*"%-$) &($2&-)-(",*$).&'(*'-"*$&-$'&
          235
)$%' )2'),"* !,&'.%*2% -&2"'$"&&()A&)"&$4 $+$' -')**"%-$) &
-)' )2&)$%'("$&-* !&.*+'"'(*'-"*$&-$'&C%"&=?=>DPleuraphis
' )2$"&*" "4-$,"%')**"%-"!-)Placidium%$'(" '),"*&$%-') -" - !-)-%
') '" -*-$) &.-2)&$-$,"%&&)'$-"!A$-(+$ "& ! !-)-%& !') -" -&Tiquilia
 !Krascheninnikovia' )2$"&*"2)&$-$,"%')**"%-"!-)Psora%$'(" Larrea
' )2$"& !Bromus"8)-$'4*&&'),"**" "4-$,"%&&)'$-"!A$-(*)':'),"*
Bromus$&%&) "4-$,"%&&)'$-"!A$-('),"* ! ) 4*&&2% -%$--"*Larrea
 !Coleogyne' )2$"&*" "4-$,"%&&)'$-"!Hymenoclea' )2$"&*"2)&$-$,"%
&&)'$-"!A$-(*"&)$% ! "4-$,"%&&)'$-"!A$-(Bromus'),"* !Ambrosia
' )2$"&Ambrosia$&%&) "4-$,"%&&)'$-"!A$-(*"&)$%Menodora' )2$"&*"
2)&$-$,"%')**"%-"!A$-(*"&)$%.- "4-$,"%&&)'$-"!A$-(,"*+$ "& !&)$%7
 !&)$%"!&(*.&*" "4-$,"%&&)'$-"!A$-(&)$%7 !Psorothamnus
' )2$"&*" "4-$,"%&&)'$-"!A$-( !$Krameria$& "4-$,"%&&)'$-"!
A$-(Encelia$&2)&$-$,"%&&)'$-"!A$-(&)$%Eriogonum$&2)&$-$,"%&&)'$-"!
A$-(& !&-) "'%&-&)$%G*-$)&*"2)&$-$,"%')**"%-"!-) ) 4*&&2% -%$--"*
.- "4-$,"%&&)'$-"!A$-()&&'),"* )2' )'-"*$*"'),"*$&
 "4-$,"%&&)'$-"!A$-(&$%-,"*+$ "& !74)*4 $' !.-2)&$-$,"%
&&)'$-"!A$-(+$ "& !-)-%& ! !"8-*'-%"
 )2Placidium$&2)&$-$,"%
')**"%-"!A$-() !-)-%.- "4-$,"%')**"%-"!A$-(+$ "& ! )2*)':
'),"*$&2)&$-$,"%&&)'$-"!A$-(&$%-74"$=;-)-%)*4 $'
G*-$)&$ )*4 $'.- "4-$,"%&&)'$-"!A$-(+$ "& ! !-)-%& !
)-%' )2'),"*$& "4-$,"%&&)'$-"!A$-(-)-%
          236
)$%$ -"*&2'"'),"*%&)&()A&$2)*- - !&$4 $+$' -')**"%-$) &-)
$ -"*&2'"&)$%'("$&-* !&.*+'"'(*'-"*$&-$'&C%"&=<=OD)*4 $&&
4" "*%%*"2)&$-$,"%')**"%-"!A$-("'()-("* !8$.2$  '%"("$4(-.-
-("*" "4-$,"%')**"%-"!A$-(*)':'),"* )'-"*$'),"*$& "4-$,"%
')**"%-"!-)-)-% !$ )*4 $')&&"&*" "4-$,"%*"%-"!-)'% !..-
2)&$-$,"%*"%-"!-) !")&-%$'(" &*"2)&$-$,"%')**"%-"!-)'-$) &
&.'(&74$ !Collema !-)-%)&&%$'(" '),"*()A","**"
 "4-$,"%')**"%-"!-).	$'(" &*"4" "*%%2)&$-$,"%')**"%-"!-)".-
 "4-$,"%')**"%-"!-)2Placidium$&2)&$-$,"%')**"%-"!-)&$%-,"*+$ "& ! !
-)-% ! "4-$,"%')**"%-"!-)*"&)$% !+$ "& !Peltula$&2)&$-$,"%
')**"%-"!-)%)-%'),"*$& "4-$,"%&&)'$-"!A$-(-)-%$ )*4 $' !
G*-$)&Psora%$'(" &*" "4-$,"%')**"%-"!-)"3.$ )8 !A$ -"*$ &)%-$) 
)':'),"*$&2)&$-$,"%')**"%-"!-)&$%--)-%$ )*4 $' !G*-$)&.-
 "4-$,"%')**"%-"!-)+$ "& ! !-)-%& !*"&)$%$& "4-$,"%')**"%-"!-)
2"-*)'%'$''),"*&$%-,"*+$ "& ! !-)-%.-2)&$-$,"%')**"%-"!-)+$ "& !
 !-)-%& !Bromus"8)-$'4*&&'),"*$&2)&$-$,"%&&)'$-"!A$-(4
') '" -*-$) &
 
*"-*$' ! ) 2*"-*$'')**"%-$) &%&)*","%$2)*- -*"%-$) &($2&
) 4&%)2"&.*+'"'),"* !&)$%'("$&-*$ *"&-(-!$&2%`1;_$ -"*&2'"*)':
'),"*C%"&=50=55D -"*&2'"*)':'),"*$& "4-$,"%')**"%-"!A$-(-)-%
$ -"*&2'"'),"* !$ -"*&2'")*4 $'.-2)&$-$,"%')**"%-"!A$-($ -"*&2'"
.)-%$ -"*&2'"'),"*$& "4-$,"%')**"%-"!A$-($ -"*&2'"2
"*'" -
          237




 ("*-$))++$ "& !-)*)':&') -*)%&$ -"*&2'"'),"*' )'-"*$'*.&-&
($4(!" &$-)&&%$'(" '*.&-& !L!"&"*-2,"" -&MA$-(%)A-))!"*-"!" &$-
)&&%$'(" '*.&-&C&""(2-"*;D-(-.%-$-"%!"-"*$ "&-("4 $-.!")+-("+"*-$%"
$&% !"++"'-C$4.*"==;D !% !&'2"$)4")'("$&-* +"**"!!.&-'2-.*"
"*)&$) A-"*,$%$%$- !$)%)4$'%'-$,$-2*)!.'"-(*"". $3."$)4")'("$'%
&$4 -.*"&GC5D%)AC/D)!"*-" !C;D($4(4 $-.!"+"*-$%"$&% !&)*' )2
$ -"*&2'" .-*$" -!$&2*$-$"&C$4.*"&=====1==?D#($%"4")%)4$'%2*)'"&&"&
*"4.%-"-("$)%)4$'%+*"A)*:C$4.*"==<D$)-$'$)-$'$ -"*'-$) &&.&-$ 
*"&).*'"%%)'-$) 2--"* &("&"&"%+" ( '$ 42*)'"&&"&&.22)*-4"))*2($'
') -$ .$- !"')%)4$'%&-$%$-%%)A$ 42"*&$&-" '")+$)%)4$'%'). $-$"&
!2-"!-)'.**" -') !$-$) &C$4==<D("&"+""!':&"'( $&&,*&
+. '-$) )+4"))*2($'&.*+'"&A$-($ $ -"*) - "&$ &("*"+)*"4"))*2()%)4
2*),$!"&-))%+)*"8-*2)%-$ 4"-"*&'%"*"%-$) &($2&-)-("% !&'2"%","% !
("%2&"82%$ $)4")'("$'%&$4 -.*"&)+$ !$,$!.%% !+)*&C$4.*"==>D
 )2 -"*&2'" -"*'-$) & !"*-$%"&% !","%)2" -
&'.%*2% -&$ +%." '"%)'%(!*)%)42*)!.'$ 4$)4")'("$'%') !$-$) &
. %$:"-()&")+$ -"*&2'"&C$4.*"&=====1==?D(*.&$ '*"&"A-"*,$%$%$-
&(!$ 4-("&)$%&.*+'"2*),$!$ 4 )*4 $'*$'(.%'(-(-*"!.'"&",2)*-$) 
          238
'2-.*$ 4*. ) A-"* !-*22$ 4!.&-+)*" ( '"!&)$%A-"*()%!$ 4'2'$-
C'(%"&$ 4"* !) "&5O>='(%"&$ 4"*"-%5OO0*)%""-%5OO<")I"-
%5OO<('(: !	),"--5OO>B!"-%/005)A"& !*(&/00;	$"-
%/00>	$"-%/00>D)A","*$ &)"'&"&2% -' )2. &-.*-"!(!*.%$'
') !.'-$,$-"%)A"*-( -(-)+$ -"*&2'"&C%!A"%%"-%/00>D&'.%*
2% -&!"'*"&"%"'($ 4,$*))-.2-:")*'2-.*$ 42*"'$2$--$) A$-($ * '("&
C*-$ "I"I !#($-+)*!5OO?#($-+)*!"-%5OO<D(*.&$ +%." '"$ +$%-*-$) 
 !%"'($ 4-(*).4(&-"+%)A !2)*"+)*-$) C*-$ "I"I !#($-+)*!5OO?
#($-+)*!"-%5OO<. :"*%"/000	$"-%/00>D#-"*! $'&A"*" )-
"&.*"!$ -($&&-.!)A","*&%-&2*),$!"!2*)8+)*A-"*,$%$%$-"'.&"
)-("*&-.!$"&(,"&()A -(-&)%.%"&%-') '" -*-$) &*"+%"'--("!"4*"")+%"'($ 4
A$-($ &)$%2*)+$%"&C). 4"-%/00=#))!"-%/001.':"-%/00?D(*.
' )2$"&') -$ "%",-"! $) ') '" -*-$) &C$4.*"=;;D$ !$'-$ 4-("2*"&" '")+
&)%.%"&%-& !%)A%"'($ 4') !$-$) &
 "*-$%"$&% !+""!':&%"!-)-("') '" -*-$) )+ .-*$" -&A$-($ &(*.
' )2$"&(*.' )2$"&.4" --("'2-.*")+!.&- !)-("* .-*$" -*$'(&.&-*-"&
C'(%"&$ 4"*"-%5OO0('(: !	),"--5OO>B!"-%/005D	$--"*2*)!.'-$) 
*). !&(*.&'*"-"&**$"*-)8 !8,)%-$%$-%)&&"&C'(%"&$ 4"*"-%5OO0
*-$ "I"I !#($-+)*!5OO?'(%"&$ 4"*"-%5OO?)%%$ 4 !#%:"*/00/
()2&) "-%/00?A$ 4"-%/00<D ( '"!)*4 $'2*)!.'-$)  !)$&-.*"
*"-" -$) $ '*"&"$'*)$%2)2.%-$) & !'-$,$--(-2*))-"&)$% .-*$" -
,$%$%$-C(*%" !#"&-5O<<'(%"&$ 4"* !
$% $&5OO>)$ &) "-%
/00/()2&) "-%/00?A$ 4"-%/00<D
% - .-*$" -.2-:"%$--"*2*)!.'-$) 
          239
 !$)-.*-$) $)''..%-"*"&).*'"&A$-($ ' )2&.*+'"&)$%&C(*%" !#"&-
5O<<'(%"&$ 4"*"-%5OO05OO?B!"-%5OO?'(%"&$ 4"* !
$% $&5OO>
)%%$ 4 !#%:"*/00/$-.&"-%/00/D &)"'&"&-("2*"&" '")+&.*+'"&
(&"" &()A -)" ( '"2% -.2-:")+ .-*$" -&C*2"* !"% 2/005D(*.&




)":" /00?:$ "-%/00?	$"-%/00>D,"*-$"*"&).*'"&$ :&*). !&(*.
' )2$"&'-&"')%)4$'%")*A("*"$ *"&).*'"&+*)2*",$).&*$ +%%"," -&A$%%
"&-)*"!+)*$ ,$4)*-"!$)%)4$'%'-$,$-$ +.-.*"2*"'$2$--$) "," -&C'(A$  $ 4"-
%/00=D#($%"&(*.' )2$"&(,""%",-"!+"*-$%$--("*"%-$,"4 $-.!")+-("
' )2$ -"*&2'" .-*$" -!$&2*$-,*$"&&+. '-$) )+&)$%$ -"*&2'"'),"*
 )'-"*$""!':&G)!"*-""*-$%"&% !4 $-.!"
.*+'"&')2)&"!)+& !A$-( "4%$4$%"*)':&+,)*' )'-"*$'*.&-&
A($'(!$&2%)!"*-"' )2$ -"*&2'" .-*$" -!$&2*$-$"& !%)A),"*%%+"*-$%$-
C$4.*"==;D )'-"*$!)$ -"!$ -"*&2'"&'-&L2"*"&"*-&)+"*-$%$-M
) 4' )2L"&)%-"&% !&)+"*-$%$-MC$4.*"===D#$-($ $ -"*) - "&$ &
-(")!"*-"& !&%--$) -(-)''.*&%) 4& !&(""-&2*))-"&-("4*)A-( !
2*)24-$) )++$%" -).&' )'-"*$C&""(2-"*;D)-(& !&(""-'-$,$- !
' )'-"*$4*)A-(2*))-"%)A+"*-$%$-C$4.*"==>D-(*).4(%)AA-"*,$%$%$-
%)A!.&-$ +%.8 !($4(")%$ "*)&$) C$4.*"=====<D&' )'-"*$-*2 !
$ !& !4*$ &-("%&)'2-.*"&%%,)%."&)+!.&-A$-($ -("$*&-$':&("-(&C&""
(2-"*/DC&""(2-"*/DC))-(5O=52"%%5O<O"% 2 !*! "*5OO;&&
"-%5OOOB! !++"*/050D.&-2*),$!"&2*$*&).*'")+&)$% .-*$" -&$ 
          240
 !"&"*-&C"("$&5OO0$) &) 5OO1" )%!&"-%/005"("$&"-%/00/
" )%!&"-%/00?'$ &( !-*) 4/00<$"%!"-%/050D"'.&"!.&-
''*"-$) $& "4%$4$%"A$-($ ' )'-"*$'*.&-&-)-%!.&-*"%-"! .-*$" -$ +%.8$&
%)A !!$-$) ($4(")%$ "*)&$) %) 4& !&(""-&%$$-&*"&).*'"*"-" -$)  !
''..%-$) A$-($ -("&"$ -"*&2'"&)$%&C$" &"-%5O>;:$ "-%/005B!
"-%/005:$ "-%/00?D
 *"&!)$ -"!' )'-"*$'*.&-&(,"%)AA-"*,$%$%$- !%)A
)*4 $'--"*2*)!.'-$) -(-+.*-("*%$$-+"*-$%$- !&)$%&$ ($-"!
' )'-"*$+'$%$--"%"'($ 4 !%)A&.*+'"A-"*,$%$%$-C)"$*5O<;
.&-$ "-%/00=D)*"),"*' )'-"*$'*.&-&2*)!.'","*%$$-"!)*4 $'--"*
&')2*"!-))&&%$'(" '*.&-&C(2-"*/DA($'(+.*-("**"&-*$'-&A-"*()%!$ 4
'2'$-A($%"-("$*+'$%$--$) )+&.*+'"'*.&-$ 4+,)*&*. )++C$*5OO0"**"''($
"-%5OO1%!*$!4""-%/000 -) "-%/050D )'-"*$+'$%$--"'*) -"
2*"'$2$--$) C&""(2-"*/D.-$ )*4 $'&-$%%*"$ &%)A')2*"!-))-("*&)$%
$ -"*&2'"'),"*-2"&C$4.*"=//D
"*-$%"$&% !2*)'"&&"&"%",-" .-*$" -&A$-($ &(*.' )2$"&-)2*)!.'"
)!"*-"' )2$ -"*&2'" .-*$" -!$&2*$-$"&"&2$-"-(" .-*$" -.$%!.2A$-($ 
' )2$"&%)A+"*-$%$-)+$ -"*&2'"' )'-"*$'*.&-&%"!&-)%)A),"*%% .-*$" -
''..%-$)  !!$-$) ' )2$"&A$-($ -("&"& !&(""-&&()A($4(.**)A$ 4
'-$,$-A($'(+.*-("**"!.'"&-$%$- !*"-" -$) )+ .-*$" -& ') -*&-
+""!':&&.22)*-$ 4)&&%$'(" '*.&-&%"!-).'(($4("*$ -"*&2'"+"*-$%$-


          241
 )&&	$'(" ""!':&G	)A"*-$%"&% !4 $-.!"
")%)4$'2*)'"&&"&-(-'*"-"&-%"&.*+'"&')2)&"!)+$8"!*)': !& !
&.22)*--("!","%)2" -)+($4(+"*-$%$-)&&%$'(" '*.&-& !%)A' )2$ -"*&2'"
 .-*$" -!$&2*$-$"&C$4.*"==;D -("&"*"&)&&%$'(" $ -"*&2'"&'-&L&"&)+
"*-$%$-M) 4&(*.L&% !&)+"*-$%$-MC$4.*"==1D$!-)%-")%)'" "
&.*+'"&&.22)*--(")&-"8-" &$,")&&%$'(" '*.&-&C$4.*"==>D !(,"($4(
&.*+'"*).4( "&&-(-2*))-"&!.&-'2-.*"C&""(2-"*;D)&& !%$'(" $'*)
&-*.'-.*"&''*"-"%*4",)%."&)+!.&-C&""(2-"*&/;D !-("$*$)%)4$'%&-*.'-.*"&
2*"," -"*)&$) C&""(2-"*/DC*4"*"-%/00?D.&-''..%-$) +)*&)&&
%$'(" 2$  '%"$'*)*"%$"+-(-2*),$!"& "A+$ "4*$ "!&.*+'"&+)*')%) $I-$) 
C&""(2-"*&/;D !$ '*"&"&&.*+'"*).4( "&&+)*"," 4*"-"*!.&-'2-.*"2)-" -$%
C&""(2-"*&/;DC'!!" "-%5O>?#"%%&"-%5O><D($&($4(!.&-$ +%.8
" ( '"&+"*-$%$- !$ +%." '"&%)'%&.*+'"(!*)%)4C$4.*"==1DC&""(2-"*/D
 %%)&&%$'(" '*.&-& !&&)'$-"!!.&-'2-.*"(,"')2%"8$ +%." '"&) 
-("!$&-*$.-$)  !,$%$%$-)+A-"*$ "4*$ "!!.&-$ '*"&"&&)$%A-"*()%!$ 4
'2'$- !+)*&&.*+'"$'*)+"-.*"& !,()*$I) &-(--*2A-"*A$-($ )&&
%$'(" $)*$'(I) "&C&""(2-"*/D)&&%$'(" '*.&-&(,"($4()*4 $'--"*
') '" -*-$) &''..%-"%*4",)%."&)+!.&- !!$&2%($4(&.*+'"*).4( "&&
A($'(')%%"'-$,"%" ( '")$&-.*"*"-" -$)  !!"'*"&"*. )++C&""(2-"*/D
)&&%$'(" '*.&-&%&)'*"-"&.*+'"&"%&-(-!"%",2)*-$) C&""(2-"*/D
$4(') '" -*-$) &C$4.*"=;OD&*"2)*-"!$ )-("*&-.!$"&C*()*! !"%$8
"  $ 4&" /00OD !"%",-"!*"+%"'--("2*"&" '")+&)%.%"&%-&A($'(&.44"&-
%"'($ 4$&*"%-$,"%%)AA$-($ -%%)&&%$'(" '*.&-&
          242
)%*$ &)%-$) ' %&)$ +%." '"!$&-*$.-$) -)''" -.-"(!*)%)4$'%
2(" )"  !$)4")'("$'%! $'&)%*$ &)%-$) $ +%." '"&2)-" -$%
",2)-* &2$*-$)  !' ".&"!&2*)8+)*)$&-.*",$%$%$-C"*:%"*"-%
/001D%)2" !&2"'-*"%-$) &($2&$ +%." '"-("!$&-*$.-$) )+)&&%$'(" '*.&-&
,"*&.&' )'-"*$'*.&-&$ &)"*"&C"&-""-%/0057$!*) "-%/050D)%*
$ &)%-$) A&-"&-"!--("% !&'2"&'%".-!$! )-22"*-)*)!%$ +%." '"
!$&-*$.-$) )+-2"&("&()*-4")+&$4 $+$' -*"%-$) &($2&').%!"!."-)-("
$4"**"&)%.-$) &-("50.&"!+)*$ &)%-$) '%'.%-$) &"-))')*&"
-)'2-.*""-"*&'%"2--"* &","*-("%"&&')**"%-$) ')"++$'$" -&$ !$'-"
Psora decipiens, &3..%)&"%$'(" $& "4-$,"%&&)'$-"!A$-(A$ -"* !"3.$ )8
$ &)%-$) C%"=OD($&$ !$'-"&-(-!.*$ 4A"--"*2"*$)!&&.'(&+%%A$ -"* !
&2*$ 4Psora4*)A-($&+,)*"!) "&$'&$-"&-(-*"2*-$%%&(!"!
%",-"!A-"*,$%$%$-A$-($ )&&%$'(" $ -"*&2'"&%"!&-)($4(
&)%.$%$I-$) )+ .-*$" -&$)%)4$'% .-*$" -+$8-$)  !"%",-"!$ -"*&2'"+"*-$%$-
#($%"!.&-'2-.*")&&"& !%$'(" &2*),$!"& $ $-$% .-*$" -&).*'"-(" .-*$" -&
+*)-("&"$ ')$ 4)*4 $' !$ "*%&.&-*-"& )-"$"!$-"%,$%%"
$4()$&-.*"*"-" -$) %"!&-)($4($)%)4$'%'-$,$-"-)%$''-$,$-&&)'$-"!




/050D)&&"& !%$'(" &2*)!.'"'("%-$ 44" -&-(-' &)%.$%$I"&)"'-$) &
C%$8 !-)':"*#)*4)--"*/00>D)*"),"*' )'-"*$ !' )%$'(" &+$8
 $-*)4" C, & !"% 25OOO"% 2/00/,$!&) "-%/00/)( &) "-%
          243
/001).& "-%/00?*&("-%/00?DA($'(*"!.'" $-*)4" %$$--$) &-)
$)%)4$'%'-$,$- !)*4 $'!"')2)&$-$) C*'$
$'("%"-%/00;D($&$)%)4$'%
'-$,$-*"&.%-&$ ($4(&)%.$%$- !,$%$%$-)+ $) & !'-$) &A$-($ $ -"*&2'"
&)$%&!)$ -"!)&&%$'(" '*.&-&($&+.*-("*"82%$ &-(""%",-"!$'*) .-*$" -
') '" -*-$) &')) %)&"*,"! "*)&&%$'(" '*.&-&C)A:"*"-%/00?
).& "-%/00<.)"-%/00>*()*! !"%$8"  $ 4&" /00OD$4(
 .-*$" -,$%$%$-A$-($ )&&%$'(" $ -"*&2'"&%&)%"!-)4*"-"*' )2
+"*-$%$--( -(-)+' )'-"*$'*.&-&
 #($%" )-%% .-*$" -&*""%",-"!A$-($ )&&%$'(" $ -"*&2'"&)&-
 )%$"&' ""82%$ "!-(*).4($ +"**"!'("$'%&2"'$"&"(,$)*)*"82%"
; !.*" "4-$,"%&&)'$-"!A$-()&&"& !%$'(" &C$4.*"=5;%"=OD
C$4.*"=/?D(" "4-$,"*"%-$) &($2"-A"" . !)&&%$'(" '*.&-&C$4.*"=5;
%"&=>=>D"!."-))*4 $''("%-$)  !'-$) %"'($ 4)&&'"%%A%%&
(,"*"%-$,"%($4('-$) "8'( 4"'2'$-CD-(-%%)A&-("-).2-:"(",
"-%&C-"&/00>D$4("*,%" '"'-$) & !(","-%&2*"+"*" -$%%$ !-)
)*4 $''$!& !')2). !&)+'"%%A%%&$ '%.!$ 42)%"*$'.*) $''$!&2(" )%$'
')2). !&$ )'$!&&$%$'-"& !&.%+-""&-"*&)22"*(&) ")+-("($4("&-
$ !$ 42*"+"*" '"&-)'"%%A%%&) 4%%'-$) &C-"&/00>DA($'(').%!*"!.'".
,$%$%$-$ &)$%&)%.-$) %-"* -$,"%&)&&"&!$" !!"')2)&".'("%-$ 4
'$!&&.'(&2(" )%$'')2). !&').%!$ !)*)$%$I"')22"*%%)A$ 4$--)%"'(
+*)-(".22"*'" -$"-"*&)+&)$%	$'(" &%&)2*)!.'"2(" )%$'&-(-$ -"*'-A$-(
')22"*C%$8 !-)':"*#)*4)--"*/00>D$4()$&-.*"*"-" -$) )+)&&%$'(" 
'*.&-&').%!!"%",2)-* &2$*-$)  !%"!-),)%-$%$I-$) )+$ -"*&2'";
          244
C'(%"&$ 4"*"-%5OO0)( &) "-%/001D)*').%!" ( '"%"'($ 4#($%"$&
')) %)8$!$I"!A$-($ &C)( &) "-%/001D&)"&.44"&-!" $-*$+$'-$) *-"&
A$-($ '*.&-&*" "4%$4$%""'.&")+%':)+!" $-*$+$ 4$'*))*4 $&&C)( &) "-
%/00<D &.'('&"&%"'($ 4"-("2*$*'.&"+)*%)&&"&+*)&.*+'"
&)$%&C)( &) "-%/00<D("$ +"**"!($4(A-"*,$%$%$-$ -(".22"*$)*$'(








$&) %)!"*-"%"%",-"!A$-($ )&&%$'(" '*.&-&$ 
-($&&-.!C$4.*"=//D#($%"-("&"$ +"**"!*"%-$) &($2&("%2"82%$ 2)-" -$%
'("$'%&2"'$"&"(,$)*-("&"2*)2)&"!"'( $&& ""!-)"-"&-"!)*"),"*-("
'("$&-*!-$ -($&&-.!*"2*"&" -) "2)$ -$ -$" !!) )-''). -+)*-("
"2(""*% -.*")+-("&"'("$'%*"%-$) &($2&&-("*"%-"-)&"&) %$- !
2*"'$2$--$) 2.%&"&C.&-$ "-%/00="% 2"-%/001D
 
--"* &$ )&&%$'(" $)4")'("$&-*&.44"&--(--("&"'*.&-&)++&"--("
*"&).*'"("-"*)4" "$-&&)'$-"!A$-(!"&"*-$+$'-$) &("!!$ 4 "A%$4(-$ -)+"*-$%"
$&% !! $'& )-("**"4$) &!"&"*-$+$'-$) &&)'$-"!A$-(&(*.$ ,&$) &)+
4*&&% !&$ '*"&"&&)$%*"&).*'"("-"*)4" "$-C"4'(%"&$ 4"*"-%5OO07$"+-"-%
5OO>4.$* !%5OOO$!)%+$"-%/00>D*"&.%-&()A","*$ !$'-")&&
%$'(" '*.&-&*"!.'"-("' )2$ -"*&2'" .-*$" -!$&2*$-$"& !)++&"--("*"&).*'"
2*-$-$) $ 4&&)'$-"!A$-(!"&"*-$+$'-$) C4.$* !%5OOO$"-:"*:"-%/00=
$!)%+$"-%/00>D
          245
"&"*-
,"" -""!':&G$4("*-$%"&% !4 $-.!"
")%)4$'%!*$,"*&-(-4" "*-"&-%"&.*+'"&A$-(($4(*)':'),"* !%)A& !
$ +%.82*)!.'"$ -"*&2'"&A$-(L!"&"*-2,"" -&M !%)A-))!"*-"!" &$-)&&
%$'(" '*.&-&A($'(!$&2%($4(' )2$ -"*&2'" .-*$" -!$&2*$-$"&C$4.*"==;D
L"&"*-2,"" -M$ -"*&2'"&'-&L)!"*-""&"*-&)+"*-$%$-M) 4' )2$"&
-(-*"L$'(&% !&)+"*-$%$-MC$4.*"==?D("&"'(*'-"*$&-$'&*")&-
')) %"82*"&&"!%) 4
%"$&-)'" " !)%!"*4"))*2($'&.*+'"&$ -($&&-.!*"
C$4.*"==>D)A","*-("!- %I"!$ -($&L!"&"*-2,"" -M4*).2$ '%.!"!
+"A!!$-$) %*)':'),"*"!*"&$ '%.!$ 4)%)'" "%%.,$%&.*+'"&& !&(""-&A$-(
($4(*)':'),"* !*)':')%%.,$%&%)2"&%) 4&-%"*)':'),"*"!&.*+'"&!.&-
''*"-"&$ '*"" -%%"%)A&.*+'"'%&-&C))&&" &5OO1D"," -.%%%"!$ 4-)
&))-(!"&"*-2,"" -&.*+'"&C'!!" "-%5O>?#"%%&"-%5O><))&&" &
5OO1 !"*&) "-%/00/#))!"-%/001D)':'),"*"!&.*+'"&2*),$!"+"A+$ "
4*$ "!&.&-*-"&+)*& !2*"," -2% -')%) $I-$) C&""(2-"*;DC#"%%&"-%
5O><E.!"/005#))!"-%/001"!)A&"-%/00>D%$$-$ 4$)-.*-$)  !
$)%)4$'%'-$,$-"&"*-2,"" -(!*)%)4$'%2(" )" +.*-("**"!.'"$)%)4$'%
'-$,$- !*"&-*$'-$ -"*&2'"+"*-$%$-
#-"*! $'&)+!"&"*-2,"" -&,*&+. '-$) )+&.*+'"4" !
)*2()%)4,()*$I) &&&)'$-"!A$-(!"&"*-2,"" -&!"'*"&")$&-.*"
,$%$%$--)4*"-"*)*%"&&"*"8-" -!"2" !$ 4) -("!"4*"")+!","%)2" - 
4" "*%)%!"*!"&"*-2,"" -&A$-(A"%%!","%)2"!,()*$I) &(,"%)A"*$ +$%-*-$) 
 !4*"-"**. )++2)-" -$%-( ). 4"*)**).4("*&.*+'"&C#"%%&"-%5O><). 4
"-%/00=#))!"-%/001"!)A&"-%/00>D($&%':)+A-"*,$%$%$-
          246
&-*) 4%') -*&-&A$-(-("($4(A-"*,$%$%$-$ +"**"!-))''.*$ &&)'$-$) A$-(
!" &")&&%$'(" '*.&-&C&""(2-"*/D -($&&-.!L!"&"*-2,"" -&M !,
()*$I) &*")&-')) %) 4
%"$&-)'" " !)%!"*%%.,$%&.*+'"&A("*"A-"*
,$%$%$- !)$&-.*""8'( 4"*"%)AC&""(2-"*;D
	)AA-"*,$%$%$- !($4(*. )++%) 4!"&"*-2,"" -$ -"*&2'"&%"!&-)
)!"*-"$ -"*&2'"+"*-$%$- !') ')$- -') '" -*-$) )+&)$%*"&).*'"&*). !
&(*.' )2$"&#($%"$ ')$ 4!.&-2*),$!"&&).*'")+ .-*$" -&-)$ -"*&2'"&%)A
)$&-.*",$%$%$- "4%$4$%"2% -4"*$ -$)  !%)A"&-%$&(" -$ ($$-
$'*)$%'-$,$-($&%':)+$)%)4$'%'-$,$-2*"," -&),"*-.*  !*"%"&")+
 .-*$" -&$ -)&)$%&)%.-$) 	)AA-"*,$%$%$-%$$-2*"'$2$--$) )+'%'$.
2()&2(-"&')) 2*)'"&&-(-:"&
. ,$%%"$ *$!&)$%&C	9-( !
'(%"&$ 4"*5O>>D#$-().-A-"*,$%%"-)+'$%$--"2*"'$2$--$) 
A$%% )-"')"
+$8"!$ '%'$.2()&2(-"$ "*%&A($'(A).%!"82%$ A("8-*'-%"
$&($4("*
A$-($ L!"&"*-2,"" -M$ -"*&2'"&-( !)$ -"!&.*+'"&C$4.*"=//D
. )++A&(A-"*)*4 $'*"&$!."& !&)$%*"&).*'"&A+*)$ -"*&2'"&) %
-)') '" -*-"-("A$-($ &(*.' )2$"&C'(%"&$ 4"*"-%5OO?'(%"&$ 4"* !

$% $&5OO>-,$"-%/00OD +'--("&"*. )++! $'&&""-)2%!)$  -
*)%"$ &.*+'"'("$&-*&+"*-$%$-$ -("&"*)':'),"*"!&.*+'"&$&&-*) 4%*"%-"!-)
&%)2" 4%")*"82%"$ -"*&2'"2  !B *"2)&$-$,"%')**"%-"!A$-(
2"*'" -&%)2"C%"=55DA($%"-)-%'),"*$& "4-$,"%')**"%-"!-)&%)2" 
 !B !) )*"!$%&)%.$%$I"-($4(2%","%&. !"*)8$!$I$ 4') !$-$) &)A","*
 (&-" !" '-))$%$I" !*"2*"'$2$--"3.$':%A$-('( 4$ 42 !A-"*
') -" -C'*$!"5OO=D') !$-$) &-(-').%!+%.'-.-"*2$!%) &-""2*)':&%)2"&
          247
"'.&""-%$) &&.'(&B ')) %!&)*-) )8$!"&C'*$!"5OO=D-($&
)$%$I-$) 2*"'$2$--$) ').%!%&)$ +%." '"B )$%$-,"*%%%)AA-"*
,$%$%$- !(!*)%)4$'%! $'&&.22)*--("&-*) 4 .-*$" -!$&2*$-$"&"-A"" 
L!"&"*-2,"" -M$ -"*&2'"& !&&)'$-"!&(*.' )2$"&
$&'.&&$) 
22%$'$%$-)+)!"%-)-("**$!"4$) &
("+"*-$%"$&% !)!"%2*"&" -"!$ -($&&-.!' ".&"!-)"82%$ -("*"&.%-&
 !!$&'*"2 '$"&*"2)*-"!$ 2*",$).&+"*-$%"$&% !&-.!$"&#($%"'%$-"') -*)%&-)-%
"')&&-"2*)!.'-$,$- !+"*-$%$-$ -"*'-$) &"-A"" & !&)$%4"))*2()%)4
!*$,"*"&).*'"%%)'-$) '*)&&*$!&)$%&.*+'"&("*"+)*"'*"+.% %&$&)+4")%)4
4"))*2()%)4&)$%& !&2*),$!"&)*"')2*"(" &$,". !"*&- !$ 4)++"*-$%"
$&% !! $'&
)9,""&"*-
("L!"&"*-2,"" -M-*9"'-)*)++"*-$%"$&% !)!"%"82%$ &-("%':)+
!*$," +"*-$%"$&% !2--"* &2*",$).&%*"2)*-"!+)*-(")9,""&"*-()2&) 
"-%C/001D+). !-(--("*"%-$,"!$&2*$-"-A"" ' )2 !$ -"*&2'" .-*$" -&
*"$ "!*"%-$,"%') &- -) 4-("$*&$-"&!"&2$-"!$++"*" '"&$ "%",-$) &(*.
&2"'$"& !'),"*("4"))*2($''(*'-"*$&-$'& !'),"*)+-("$*&-.!
&$-"&+$-A$-($ )!"%’s “!"&"*-2,"" -M-*9"'-)*$-"!"&'*$2-$) &&.44"&--(-
-()&"&-.!2%)-&%$"%) 4
%"$&-)'" "%%.,$%&.*+'"&C$4.*"==>D-(-!$&2%2))*%
$ -"*%)':$ 4L!"&"*-2,"" -&MA$-(+$ "4*$ "!,()*$I) & !&(%%)A2"-*)'%'$'
()*$I) &("$*%$"&-) "!"*$,"!&)$%&(!) %/1_)&&%$'(" '),"*A($'(+$-&-("
          248
L!"&"*-2,"" -M-*9"'-)*!- !)!"%&.44"&-!$++"*" '"&$ +"*-$%$-A$-($ 
-(--*9"'-)**"2*$*$%') -*)%%"!+'-)*&&.'(&&%)2"! $'& !*)':'),"*
.-*"%"&&$ +%." '"!'),"*
#($%""&.*"!!$++"*" -&.$-")+&)$%'("$'%') &-$-." -&+"*-$%$-!-+*)
L!"&"*-2,"" -M. $-&*","%&$$%*!$&2*$-$"&$ ' )2$ -"*&2'" .-*$" -&&
-(""3.$,%" -4"&$-"&)+()2&) "-%C/001D" &)$%)*4 $'--"*A&=0
10_($4("*A$-($ ' )2$"&-( $ -"*&2'"&A$-($ -("$*&$-"&#($%" )-&--$&-$'%%
&$4 $+$' -L!"&"*-2,"" -M' )2$"&(,"/0_($4("*)*4 $'') '" -*-$) &
-( &&)'$-"!$ -"*&2'"&!-%&)&()A&$$%*2--"* &$ -)-%()2&) "-
%C/001D*"2)*--(-" ' )2-)-%A&"%",-"!500_A($%""!$ -)-%
A&>0_($4("*A$-($ ' )2$"&-( $ -"*&2'"&,"*%%-("&")&"*,-$) &&.44"&-
($4(*)':'),"*2*)!.'"&') &$&-" -$)4")'("$'%2--"* &A$-(($4(' )2$ -"*&2'"
 .-*$" -!$&2*$-$"&("*"%-$,"'),"**)':& !& !%&)2%& $2)*- -*)%"$ 
-("%) 4",$-)+-("&"!$&-$ '-+"*-$%$-2--"* &
 ("!","%)2" --$")++"*-$%"$&% !&$&'*$-$'%+'-)*') -*)%%$ 4-("
4 $-.!")+*"&).*'"!$&2*$-$"&"-A"" ' )2$"& !$ -"*&2'"&'(%"&$ 4"*"-%
C5OO?D$ ,"&-$4-"!-("$2'-)+-$"$ +"*-$%"$&% !!","%)2" -')2*$ 4). 4
&(*.% !&+)*"!$ ($&-)*$'4*&&% !*"&)+-("($(.(. "&"*--))%!"*%) 4"*
%$,"!&(*.% !&)+-(")9,""&"*--$&!$++$'.%--)&&"&&-("22%$'$%$-)+).*
)!"%-)-("$*)9,""&"*-&$-"&"'.&"'(*'-"*$&-$'&&.'(&*)':+*4" -&$I" !
'),"* !4"))*2($'&"--$ 4*" )-!"&'*$"!("4* $-" !4* )!$)*$-"&)$%2*" -
-"*$%&$ -("$*&-.!').%!%"!-)!$++"*" -&.*+'"'),"*-2"&#"-("*$ 4').%!
%"!-)"$-("*-("+)*-$) )+& !&(""-&C$4.*"==>D-(-&.22)*-' )'-"*$'*.&-&
          249
)*')*&"*)':&.*+'"&-(-+)*!"&"*-2,"" -& !,()*$I) &) )%!"*
4"))*2($'&.*+'"&C$4.*"==>D("!-+*)'(%"&$ 4"*"-%C5OO?D*"&"%"
2--"* &+*)).*L!"&"*-2,"" -M-*9"'-)*#($%"&%$4(-$ ') &$&-" '$"&*"&"" $ 

=7 !4' )2$ -"*&2'" .-*$" -!$&2*$-$"& !-)-% .-*$" -
') '" -*-$) &*"&$$%*-)-("$**"&.%-& 22*" - )%$"&"-A"" -("&-.!$"&
').%!"!."-)!$++"*" '"&$ $ ')$ 4!.&-')2)&$-$) )*!$++"*" '"&$ %"'($ 4
! $'& !4")'("$&-*"-A"" -("$*4* $-$'&)$%& !).*%$"&-) " !
& !&-) "!"*$,"!&)$%&#($%"' )2$ -"*&2'" .-*$" -!$&2*$-$"& !-)-% .-*$" -
') '" -*-$) &*"3.$-"&$$%*"-A"" ).*L!"&"*-2,"" -M&$-"& !-("$*)9,"
"&"*-&$-"&-("$*+"*-$%$-!-*"%&)')2*%"-)).*' )'-"*$'*.&-. $-&
)-(L!"&"*-2,"" -M !' )'-"*$-*9"'-)*$"&').%!&.22)*-)!"*-"-)
($4(' )2$ -"*&2'" .-*$" -!$&2*$-$"& !%) 4%$,"!+"*-$%"$&% !&$ -(")9,"
"&"*-'(%"&$ 4"*"-%C5OO?D )-"!-(-.-)')**"%-$) )+&)$%*"&).*'"&$&.'(
($4("*$ -(")9,""&"*--( )-("**$!*"4$) &(".-()*&2*)2)&"-(--("+"*-$%"
$&% !&)+-(")9,""&"*-*"&-*) 4%!","%)2"!"'.&"-("&"*"&(,"*"$ "!
&(*.% !&+)*-().& !&)+"*&A("*"& ($(.(. "&"*-&$-"&(,") %"" 
&(*.% !&&$ '"-("5>00&("&.44"&-*"&).*'"&*"($4(%') '" -*-"!A$-($ 
' )2$"&"'.&"4" "*-$) &)+&(*.&)''.2-("&"+"*-$%$-$&% !%)'$),"*-$"
"&"*-2,"" -& !&&)'$-"!,()*$I) &%$$-2% -4"*$ -$) C.&$':5O<1
#))!"-%/001D+)*'$ 4&(*.&-)4*)A$ "8$&-$ 4')22$'"&-(.&$ -$ $ 4-("
%)'-$) )+"8$&-$ 4+"*-$%"$&% !&%-"* -$,"%& !&%--$) )+-("& !&(""-&-(-
&.22)*-' )'-"*$'*.&-&C&""(2-"*;DA).%!%&)') &-*$ 2% -4"*$ -$) -)
)*"&-$%$I"!*"&&.'(&' )2$"&)+%$,")*!"!&(*.&C)%4*" "-%5OO<D 
          250
!!$-$) ' )'-"*$'*.&-&' $ &)"'&"&$ ($$-,&'.%*2% -4"*$ -$) C	$
"-%/001D -(")-("*( !$+-(".-()*&')2*"!' )'-"*$+*)-("
($(.(. "&"*-A($'(*"2*"!$'-"!-)(,")!"*-" .-*$" -!$&2*$-$"&-)-("
L!"&"*-2,"" -M&.*+'"&)+-(")9,""&"*-A($'(*"2*"!$'-"!-)(,"($4(
 .-*$" -!$&2*$-$"&-($&').%!"82%$ &)")+-("!$++"*" '"&$  .-*$" -.-)')**"%-$) 
C'(%"&$ 4"*"-%5OO?D
($(.(. "&"*-
(")!"*-"' )2$ -"*&2'" .-*$" -!$&2*$-$"&&&)'$-"!A$-(*"%-$,"%
). 4)**"'" -%$ ,!"!&(*.% !&C'(%"&$ 4"*"-%5OO?D)+-("($(.(. 
"&"*-' ""82%$ "!-("+"*-$%"$&% !2--"* &)+-("' )'-"*$'*.&--*9"'-)*
(""8-" &$,"&(*.$ ,&$) &)+2*",$).&4*&&% !&"4 $ -("5>00&C.++$ 4-)  !
"*"%5O?1D#$-().-')2%"-"!"&'*$2-$) &)+&)$%4"))*2($' !
'(*'-"*$&-$'&-("!$*"'-22%$'-$) )+)!"%-)-("($(.(. "&"*-&-.!)+
'(%"&$ 4"*"-%C5OO?D$&!$++$'.%-)A","* )+-("&"). 4&(*.% !&)''.2
& !&)$%&-(-+)*& !&(""-&C$4.*"==>DA$-(&(*.&&.'(&Larrea tridentata C"
)I"-%5OO<D)*"&3.$-"')22$'"!. "&C$" &"-%5O>;$" &"-%/001D
A($'(')) %&.22)*-' )'-"*$'*.&-&C$-'($""-%/00;D(.& )+-("
($(.(. "&"*-&$-"&C'(%"&$ 4"*"-%5OO?D2)-" -$%%+$--("' )'-"*$'*.&-
-*9"'-)*
&2*"!$'-"!)!"%($(.(. "&"*-!-'%)&"%*"&"%"-()&")+
' )'-"*$. $-&A("*"($4(")%$ "*)&$) &-*$2&$ -"*&2'"*"&).*'"& )2
$ -"*&2'" .-*$" -!$&2*$-$"&&A"%%&-)-% .-*$" -') '" -*-$) &)+-("($(.(. 
"&"*-&$-"&*"')2*%"-)).*)9,""&"*-' )'-"*$!-)A","*-("*"*"
          251
&)"22*" -!$++"*" '"&("$*($(.(. &$-"&(,"($4("*' )2$ -"*&2'"
 .-*$" -!$&2*$-$"&$  !
=.-%)A"*!$&2*$-$"&$ 7-( ).*' )'-"*$&$-"&
("$*($(.(. &$-"&%&)(,"%)A"*= !') '" -*-$) & !($4("*74
') '" -*-$) &-( ).*' )'-"*$&$-"&("&"22*" - )%$"&').%!"!."-)
!$++"*" '"&$ -("')2)&$-$) )*). -)+!.&-2*" --"*$%)*%"'($ 4! $'&
("&"!$++"*" '"&"!."-)-("4")+&(*.$ ,&$) &+*)-(")9," !
($(.(. "&"*-&&-(")&-%$$-$ 4 .-*$" -&&.'(&*"') '" -*-"!$ ' )2$"&







' )'-"*$ !)&&%$'(" -*9"'-)*$"&+%%-("&-.!$"&"8$ "!-(")%)*!)

%-".!$&2%&&)")+-(")&-')2%"8+"*-$%"$&% !2--"* &&-.!).& 
"-%C/00<D&.44"&-&-(-!$++"*" '"&$ ' )2 !$ -"*&2'"+"*-$%$-!) )-,*
') &$&-" -%&+. '-$) )+2% -)*-2"&#($%"&)$%4"))*2($''(*'-"*$&-$'&
*"!$++$'.%--)!"'$2("*+*)-("$*&$-"!"&'*$2-$) &-("& !%)&)$%&$ -($&&-.!
&.22)*--A)9)*-2"&)+&)&&%$'(" '*.&-& !' )'-"*$'*.&-&
%)&""8$ -$) )+-(").& "-%C/00<D!-&"-C&"").&" "-%
/00<.22%"" -*-D*","%"!&-*) 4&$$%*$-$"&$ ' )2$ -"*&2'" .-*$" -
!$&2*$-$"&$ &)$%&)+-(")9,""&"*- !-(")%)*!)
%-".)*-("&" %&"&
')2$%"!-("$*' )2 !$ -"*&2'"4")'("$'%!-'*.&-'),"*-2" !')2*"!
$--)4")'("$'%!-,"*%%-("' )2$ -"*&2'"!$&2*$-$"&)+)&- .-*$" -&
*"3.$-"&$$%*+)*-(")9,""&"*- !)%)*!)
%-".)&&%$'(" &$-"&.-*$" -
          252
!$&2*$-$"&A$-($ ' )'-"*$'*.&-&)+-(")9,""&"*- !)%)*!)
%-".*"
%&)')2*%"#($%"-("&"*"%-$) &($2&!) )- "'"&&*$%*"+%"'-&--$&-$'%




%-".*"&"" $ -)-% .-*$" -') '" -*-$) &("
)%)*!)
%-".)&&%$'(" '*.&-&(!$ -"*&2'"& .-*$" -') '" -*-$) &-(-A"*"
')) %/-$"&($4("*-( -()&")+-(")9,""&"*-)&&%$'(" $ -"*&2'"&
 )'-"*$$ -"*&2'"&$ )%)*!)
%-".(!') '" -*-$) &-(-A"*"-%"&-;51
-$"&($4("*+)*  .-*$" -&-( -(")9,""&"*-' )'-"*$$ -"*&2'"&("
($4("*+"*-$%$-$ -(")%)*!)
%-".2*-$'.%*%-()&"!$++"*" '"&&"" $ 
' )'-"*$'*.&-&"!."-)-($&!"&"rts’ 4*"-"*,$%$%$-)+A-"*C5D("
'))%"* !A"--"*') !$-$) &)+-(")%)*!)
%-".%%)A+)*)*"$)%)4$'%'-$,$-
 !)*4 $'2*)!.'-$) -(-A).%!+,)*($4("*+"*-$%$-C/D$4("*A-"*,$%$%$-
A).%!%%)A' )'-"*$-)*"$ (!*-"! !&-$':+)*%) 4"*2"*$)!&-(.&
+'$%$--$ 44*"-"*'2-.*")+ .-*$" -*$'(!.&-C;D"&2$-"%)A*)':'),"*$ -("
)%)*!)
%-".& !&.*+'"&*"$ *"%-$,"%&-%""'.&")$&-&)$%&*"%"&&




&.++$'$" -!.&-$ +%.8-)+)*-("-($':,()*$I) &&"" $ -(")9,""&"*-C&""
(2-"*;D("*"+)*"-("&"&$-"&').%!!$&2%!$++"*" -%"'($ 4! $'&-( -()&")+
-(")9,""&"*-C1D("&2'$ 4)+2% -&$ -(")%)*!)
%-".&$-"&C).& "-
          253
%/00<D$&'%)&"*-( -(-)+-(")9,""&"*-&$-"&A($'(').%!&:&)"+"*-$%"
$&% !2--"* &
("') &$&-" '$ ' )2$ -"*&2'" .-*$" -!$&2*$-$"&-(-"8$&-$ !$&2*-"
'%$-$'') !$-$) &A$-(%*4"!$++"*" '"&$ -)-%+"*-$%$-&.22)*-&-("*"&).*'"%%)'-$) 
(2)-("&$&)+()2&) "-%C/001D("&.44"&-"!+"*-$%"$&% !2--"* &*"$ 
*"%-$,"%') &- -A$-($ '*"&$ 4"++"'-$,"2*"'$2$--$)  !') ')$- -$ '*"&"&$ 
&)$%*"&).*'",$%$%$-)$ $ 4-(")!"%)+()2&) "-%C/001DA$-(
+"*-$%"$&% !)!"%2*),$!"&)*"')2*"(" &$,"2"*&2"'-$,"$ -)*$!*"&).*'"
%%)'-$) -(-$&22%$'%"-) &)$%-2"&$)4"))*2($'&"--$ 4& !'%$-$'
') !$-$) &("*"+)*"2*)2)&"-(--(" !L!"&"*-2,"" -M'),"*') -*)%-("
*-$))+' )2-)$ -"*&2'" .-*$" -& !-($&*"&).*'"!$&2*$-*"$ &') &$&-" -&
)$&-.*")**"&).*'"&*"!!"!-)-("&&-"
	$$--$) &-)-(")!"%
 ("22%$'$%$-)+-($&+"*-$%"$&% !)!"%&().%!"-"&-"!$ )-("**$!*"4$) &
2*-$'.%*%A("*"$)4")'("$'% !$)4"))*2($'2*)'"&&"&*",&-%!$++"*" -
($&)!"%A** -&!!$-$) %-"&-$ 4$ &","*%') !$-$) &GC5D*"&A("*"')*&"
4*$ "!2*" --"*$%&!) )-+'$%$--"-("+)*-$) )+' )'-"*$'*.&-&)*)&&
%$'(" '*.&-&HC/D%) 4'% !&$%-*$'(2%!"2)&$-&-(-&.22)*-' )'-"*$
'*.&-)*&'--"*"!)&&%$'(" '*.&-&.-(,". $3."4"))*2($' !(!*)%)4$'
! $'&-(-').%!&-*) 4%$ +%." '"$)4")'("$'%''%$ 4HC;DA$-($ &%-
" ,$*) " -&&.'(&42&.2*" --"*$%&A("*"&)$%'("$&-*$&&-*) 4%++"'-"!
($4(&%-') '" -*-$) & !!$-$) )!"%$&&"!) *"&!)$ -"!A$ !
"*)&$) A($'(+)*'$*'.%*$&% !&)++"*-$%$-C4.$* !%5OOOD($&+"*-$%"
          254
$&% !)!"%(,"%$$-"!22%$'$%$-$ *"&)+ !"!,"4"--$) A("*"
*"&).*'"("-"*)4" "$-!","%)2&-(*).4(A-"*!)$ -"!"*)&$) C4.$* !%
5OOOD
("% !&'2"$)4")'("$'%)!"%C$4.*"==>D(&22%$'-$) &-)
$ -"*) - "&$ &&A"%%&)-("*4"))*2($'&"--$ 4&($&)!"%"!$*"'-%
22%$'%"-)-("&$  ! 4"
*),$ '"CD&.'(&-(")9,"($(.(. 
*"-&$  !) )* "&"*-&$ A($'("3.$,%" -4"!% !+)*&"82*"&&&$$%*
&)$%'(*'-"*$&-$'&C
"-"*&) 5O>5D#$-($ $ -"*) - "&$ &-("&)$%4"))*2($'
-"2%-"C) 4"* !"&-"%""*/00?D2*),$!"&.&"+.%-))%+)*2*"!$'-$ 4-("& !
-)*)':*-$)%) 4&.*+'"&)+,*$ 44" !!"2)&$-$) %&"--$ 4C&""(2-"*;D
#($%"-("% !+)*)!"%C$4.*"==>D )-"!$*"'-%22%$'%"-))-("*
4"))*2($'&"--$ 4&$-'%"*%$%%.&-*-"&()A4"))*2($'') -*)%&) -("& !-)*)':
*-$) !&.*+'"'),"*C$4.*"==<DC&""(2-"*;D' ".&"!-)2*"!$'-% !&'2"
&'%"$)4")'("$'%2--"* &
 ,$*) " -%
"*-.*-$) & !"*-$%"&% ! $'&
("-(*""+"*-$%"$&% !2--"* &A$%%*"&2) !!$++"*" -%-)" ,$*) " -%
2"*-.*-$) &")%)4$'2*)'"&&"&$ +%." '"&.&'"2-$$%$--)2(&$'%$2'-&A($%"
$)%)4$'% !4"))*2($'*"&2) &"&!"-"*$ "-("%) 4",$-)+!$&-.* '""++"'-&
C-,$"-%/00OD","*%2"*-.*-$) &').%!!"*$% -.*%&"%+" ( '$ 4+""!':&
%"!$ 4-)"')%)4$'% !$)4"))*2($'$ &-$%$-C$4.*"==OD !%) 4-"*'( 4"&
-)+"*-$%"$&% !2--"* &
%$-"'( 4""++"'-&-)-("-$$ 4$ -" &$- !). -)+2*"'$2$--$) ').%!
(,"!*-$'$2'-&) &.*+'"'),"* !$)4")'("$'%+""!':&	) 4-"*
          255
L"4!*).4(-&M*"2*"!$'-"!+)*-("*$!*"4$) &)+-("&).-(A"&-"* CA'"--"-
%/055D)*""8-*"" !,*$%"*$ +%%"," -&&.'(&-()&"2*"!$'-"!+)*-($&
*"4$) C
/00<D*""82"'-"!-)(,"&$4 $+$' -$2'-&-)-"**"&-*$%"')&&-"
! $'&C7 22"-%/00>D)*"82%"&()*-"* !)*"+*"3." -*$ +%%"," -&
' '.&"2(&$)%)4$'%&-*"&& !$ &)"'&"&&" "&'" '")+' )'-"*$)&&"&
 !%$'(" &C)A:"*"-%/00/"% 2"-%/00=*:"*"-%/001D '*"&"!
*!$-$) !."-)&-*-)&2("*$')I) "!"2%"-$) C).'("*/050D*"!.'"
2*)-"'-$,"2$4" -2*)!.'-$) +.*-("*!"'*"&$ 42(&$)%)4$'%"++$'$" 'C"% 2"-%
/00>D("$)-$'&-*"&&$ !.'"!'%$-" !-)&2("*$''( 4"&').%!$ '*"&"
')2"-$-$,"$ -"*'-$) &) 4)*4 $&&*"&.%-$ 4$ !"'*"&"!'*.&-'),"* !
&2"'$"&*$'( "&&C)A:"*"-%/050"&-*""-%/050D)*-%$-)+)&&%$'(" 
'*.&-&-(-2*)-"'- !" ( '"$ -"*&2'"+"*-$%$-A).%!%"!-)$ '*"&"!*"&).*'"
("-"*)4" "$- !4*"-"*' )2$ -"*&2'" .-*$" -!$&2*$-$"&+& !&(""-&-$%$I$ 4
' )'-"*$!$"':-(",&'.%*2% -$'*)$% !+. %'). $-$"&-(--("
&.22)*-C)$ &) "-%/00/B! !).&:$%/00/()& !).4$%%/00?
*"-%/00<()& !).4$%%/00<*"-%/050DA).%!" "4-$,"%
$2'-"!"%",-"!")%$ '-$,$-&.'(&& !*&$)  !"*)&$) %%)&&"&)+
$ -"*&2'" .-*$" -&C'7"  ". "-%5OO?:$ "-%/005'7"  ". 
 !8A"%%/00/$"%!"-%/050D("!*).4(-&2*"!$'-"!+)*-("&).-(A"&-
A).%!%&)2*))-"*"&).*'"("-"*)4" "$-A$-($ L!"&"*-2,"" -M&$-"&&!"'*"&"!
A-"*,$%$%$-A).%!&.22)*-+"A"*,&'.%*2% -& !+"A"*+"*-$%"$&% !&C#"%%&"-
%5O><D
          256
"*-$%"$&% !2--"* & !A-"*%%)'-$) A$%%"')"$ '*"&$ 4%$2)*- -&
'%$-"'( 4"&,"*%%A-"*$&-(")&-%$$-$ 4+'-)*-)$)%)4$'%2*)!.'-$,$-$ 
!"&"*-*"4$) &C)"$*5O<;D)!"%&.44"&-&-(-($4(+"*-$%$-')) %
*"+%"'-&A-"*!*$," 2*)!.'-$,$- !$)4")'("$'%2(" )" &.'(&+$8-$) )+
 !$)%)4$'%%$ !.'"!!.&-'2-.*" !&)%.$%$I-$) )+ .-*$" -&+*)$)%)4$'%
'-$,$-","*-("%"&& .-*$" -%$$--$) &-)2*)!.'-$,$-').%!"')"$2)*- -$ -A)
&'" *$)&C5D+"')&&-"&"')""8-*""%!"4*!"!"*)&$) -("%)&&)+
$)%)4$'%&-*.'-.*"&)*4 $'--"* !+$ "4*$ "!-"*$%').%!%"!-) .-*$" -
%$$--$) & &.'('&"&$'*) .-*$" -&-(-"')"%"&&,$%%"$ ($4(2&)$%&
&.'(&".  !B ').%!"')"%$$-$ 4+)*-("+"A)*4 $&&-(-').%!
&.*,$,"$ -("&"($4(%"*)!"!&)$%&C/D+'%$-"&"')"A"--"* !%"&&A-"*
%$$-"!*"&)+($4(+"*-$%$--(-*"%&)*"&)+($4(A-"*,$%$%$-A$%%")&-
&.&'"2-$%"-)"8)-$'2% -$ ,&$) &C*)%""-%5OO<7$"+-"-%5OO>4.$* !
%5OOO#%:"*"-%/005"%')"-%/00;$!)%+$"-%/00>D
8)-$'4*&&$ ,&$) &-(*"-" "')&&-"&A$-("8-" &$,")&&%$'(" '),"*
C$4.*"==OD)&&%$'(" '*.&-&22"*-)"($4(%&.&'"2-$%"-)"8)-$'4*&&
"&-%$&(" -C$4.*"==O$4.*"=5;D-("*&-.!$"&+*)-(")9,""&"*-(,"
&()A &$$%**"%-$) &($2&A("*""8)-$'4*&&4"*$ -$) $&"%",-"!$ )&&%$'(" 
'*.&-&C"%')"-%/005DA$-($ !""2+"*-$%"&)$%&)*$ &)$%&A$-(($4(A-"*
,$%$%$-C"%*! !"% 2/00;."-%/00<) !%%" /050D("&"
+$ !$ 4&4*""A$-(-($&&-.!A($'(+). !"8)-$'4*&&'),"*$&"%",-"!A$-($ +"*-$%"
)&&%$'(" $ -"*&2'"&C$4.*"=//DA("*"A-"*,$%$%$-$&$ +"**"!-)"($4(
C(2-"*/D("&"4*&&"&*"%&)&-*) 4%&&)'$-"!A$-(Collema $-*)4" +$8$ 4
          257
' )%$'(" C$4.*"=//D("&"$ ,&$) &)''.*$ 2*-"'.&" )  -$,"  .%&
&.'(&Bromus' &'," 4" !)-("*&)$%*"&).*'"&)*""++$'$" -%-(-  ) 
 -$,"  .%&C"%')"-%/00;D)A","**"&"*'(+*))-("**"4$) &&.44"&-&
"8)-$'4*&&$ ,&$) &*" "4-$,"%&&)'$-"!A$-(&C-)(%4*" "-%/005D !
'"*-$ )&&"&C"*2""-%/00?D !%$'(" &C"$ "&"-%/00<D' 2*"," -
"8)-$'4*&&4"*$ -$) 
*&&$ ,&$) &&.22)*-+""!':%))2&"-A"" "8)-$'&&.'(&Bromus !+$*"
!$&-.* '"C7 225OO>*)):&5OOOD+"8)-$' ) . '(4*&&"&%$:"Bromus
),"*-:"$ -"*&2'"&+$*"+*"3." ' !$ -" &$-$&"82"'-"!-)$ '*"&"C7 22
5OO>*)):&5OOO"%')"-%/005"% 2"-%/00?D*&&$ ,&$) & !
A$%!+$*"&A$%%&$4 $+$' -%!"'*"&"$)!$,"*&$-"'.&"+*"3." - !$ -" &"+$*"&
*"!.'" !2"*"  $%&(*.'),"*+,)*$ 4) )'.%-.*"&)+"8)-$'4*&&"&C, &"-
%/005"%')"-%/00;$%-"-%/00="% 2"-%/00?"%%"-%/00OD
')&&-"(!*)%)4$'! $'&A$%%%&)'( 4"&&(*.'),"*!$$ $&("&C. :"*%"
/000D !$+$2)*- -$'*)&-*.'-.*"&C&""(2-"*/D*"!"&-*)"!$ %%+$*"
$ !.'"!%)&&"&)+'*.&- !&(*.'),"*A$%%$ '*"&"$ -"*&2'" !' )2&.&'"2-$$%$-
-)A$ !"*)&$)  !%)&&)+&)$%*"&).*'"&-(-"," -.%%').%!&:2*",$).&+"*-$%"
$&% !2--"* &C,$"-%/00</00O/050D
++($4(A,"($'%"!$&-.* '"&CD !&&)'$-"!"')%)4$'%$2'-&*"
$ -" &$+$ 4$ *$!*"4$) &)*$ &- '"-(" ."*)+)++($4(A!*$,"*&$ &).-("* 
",!*"'" -%$ '*"&"!+).*+)%!!.*$ 450"*2"*$)!C2$,"/00>D
(&$'%
$2'-&&.2&"-!"&"*-2,"" - !)&&%$'(" '*.&-$ -"4*$-"82)&$ 4+$ "
4*$ "!,()*$I) &-)"*)&$) '.&$ 4!.&-"$&&$) & !&$4 $+$' - "4-$,"$2'-&
          258
-)(. ("%-(C"% 2"-%/00O))&&" & !.':/00ODC$4.*"==OD("&"
&.*+'"!$&-.* '"&%-"*%)'%(!*)%)4A($'(A).%!$2$*"')%)4$'%'). $-$"&
!2-"!-)!"&"*-2,"" -A-"*! $'&C'(%"&$ 4"* !) "&5O>=#"%%&"-%
5O><). 4"-%/00=#))!"-%/001"!)A&"-%/00>D!$&-.* '" !
"*)&$) -* &+)*$)4")'("$'%&$ :&A$-($ &(*.' )2$"&)*)&&%$'(" '*.&-&+*)
L') &"*,$ 4M&&-"&-)L%":M&&-"&C"% 2"-%/001D*)&$) %%)&&)+&)$%
*"&).*'"&' (,"%) 4%&-$ 4"++"'-& "&-.!+*)-(")9,""&"*-&()A"!
'-$,$-&$4 $+$' -%*"!.'"!+"*-$%$-&&)'$-"!A$-(&(*.' )2$"&C)%%$ 4 !#%:"*
/00/D," >>"*&+-"*!$&-.* '"' )2 .-*$" -') '" -*-$) &A"*"&$4 $+$' -%
%)A"*-( -()&"$  ) !$&-.*"!&$-"&
  -"*'-$) &) 4'%$-""8)-$'$ ,&$) & !!$&-.* '"&A$%%) %
2%$+-(""++"'-&)+4%)%!"&"*-$+$'-$) C'(%"&$ 4"*"-%5OO0$"%!"-%/050D
%$-"'( 4"A$%%$ -" &$+"8)-$'4*&&$ ,&$) & !A$%!+$*"&&$ '*"&"!
-)&2("*$'/') '" -*-$) &+,)*"8)-$'4*&&4*)A-( !*"2*)!.'-$) ),"* -$,"
  .%&C$-("-%/000D$*"C)A:"*"-%/00=$%-"-%/00=D)*C"% 2
 !$%%"--"5OO>D!$&-.* '"&-)')$ "!A$-('%$-"$ !.'"!)*-%$-)+
,&'.%*2% -&A$%%"82) " -$%%$ '*"&"")%$ "*)&$)  !%)&&)+&)$%*"&).*'"&
C. &) "-%/055D !!$-$) '-$,$-A$%%!$*"'-%2%$+"8$&-$ 4!.&-
"$&&$) &+.*-("*!"4*!$ 4$*3.%$-C))&&" & !.':/00OD*)&$) %+""!':&
 !*"!.'"!% !&'2"&-$%$-').%!"," -.%%%"!-)!"4*!-$) )+" -$*""')&&-"&
A$!"&2*"!$**","*&$%"&)$%%)&& !!.&-)A%') !$-$) &


          259
) '%.&$) &
")%)4$'% !$)%)4$'%$ -"*'-$) &!"-"*$ "&.*+'"'),"*'(*'-"*$&-$'& !
-("4 $-.!")+-("+"*-$%"$&% !"++"'-)$%4"))*2($'+'-)*&') -*)%-("*-$))+
*)':&-)& ! !-("!","%)2" -)+-(*""&.*+'"'),"*-2"& !-(*"". $3."
$)4")'("$'%2--"* &C5D )'-"*$'*.&-$ -"*&2'"&)''.*%) 4& !&.*+'"&
 !%"!-)-("+)*-$) )+)!"*-"' )2$ -"*&2'" .-*$" -!$&2*$-$"& !%)A
),"*%%+"*-$%$-C/D$4(!" &$-)&&%$'(" '*.&-&4*)A%) 4&-%"&.*+'"&
')2)&"!)+$8"!*)': !& ! !&.22)*-($4(),"*%%+"*-$%$-A$-(%)A' )2
$ -"*&2'" .-*$" -!$&2*$-$"&#($%""%",-"!$ -"*&2'"+"*-$%$-)++&"-&*"&).*'"
("-"*)4" "$-&&)'$-"!A$-(!"&"*-$+$'-$) $-$ '*"&"&-("&.&'"2-$$%$-)+)&&%$'(" 
'*.&-&-)"8)-$'4*&&$ ,&$) C;D$4(*)':'),"*+,)*&-("+)*-$) )+L!"&"*-
2,"" -&MA$-(%)A-))!"*-"!" &$-)&&%$'(" '),"*A($'(2*)!.'"($4(
' )2$ -"*&2'" .-*$" -!$&2*$-$"& +"**"!$)%)4$'% !4")%)4$'%$ -"*'-$) &
$ ,)%,$ 4&-$%$-!.&-$ 2.-&A-"*,$%$%$- !$)%)4$'%'-$,$-&.&-$ -("&"
. $3."4")'("$'%2--"* &'*)&&-("% !&'2".*+'"') -*)%) +"*-$%"$&% !
2--"* &*"') &$&-" --(*).4().- !"&"*-& !').%!*"+%"'-),"**'($ 4"')%)4$'%
') -*)%&) ' )2$ -"*&2'" .-*$" -!$&2*$-$"&-(-*". $,"*&%-)*$!*"4$) &
*"4*!%"&&)+'%$-")*-)-%2*)!.'-$,$-("2*)2)&"!)!"%&)++"*-$%"$&% !
4 $-.!" !$)4")'("$'%$)4"))*2($'$ -"*'-$) &("%22*"!$'-% !&'2"
*"&2) &"-)'%$-"'( 4""8)-$'4*&&$ ,&$) & -(*)2)4" $'!$&-.* '" !
!"&"*-$+$'-$) 
          260
	$-"*-.*"$-"!
"%% 4"%		. ! !2" '"*/00O*%2)&-+$*"2% -
"&-%%$&(" -) )9,""&"*-.* !*) )56G5;<5=>
*(&
*&) & !#$ A*$4(-5OO="&$&- '"-)),"*% !+%)A) 
&"$*$!4*&&% ! !&(*.% !($%%&%)2"&#% .-.%'(&).-("* *$I) 
).* %)+!*)%)4156G=;5==?
4.$*%5OOO
-'(&-*.'-.*"! $'& !$2%$'-$) &+)*-("
+. '-$) $ 4)+*$!"')&&-"&14G/<;/<<
4.$%"*	.-$"**"I !
	"&"*,"5OOO*$-$) $ &)$%$'*)
)*4 $&& ! .-*$" -&. !"* "-( !).-&$!"-("' )2)+Adesmia bedwellii
C
2$%$) '""D&(*.&$ *$!')&-%($%"+)%%)A$ 4!*).4(- !),","*4"
*$ +%%).* %)+*$! ,$*) " -&42G?5<0
 !"*&) 7#"%%& !*(/00/
"!)4" "&$&)+,"&$'.%*()*$I) &$
)%' $'$"%!)9,""&"*-%$+)* $)$%'$" '")'$"-)+"*$').* %
66G><>>><
*)'" 	
B(. !7%%/00;$ "*%''..%-$) &$ !.'"!




.&-$ 	(!9$ -*:"% 2
)*2)*-))*-) ,"--
 !'("++"*/00=#-"*2.%&"& !$)4")'("$'%''%"&$ *$! !
&"$*$!"')&&-"&"')%)4$141G//5/;1
%!A$ )!*--"*#




*4"*"**$': B"" !"% 2/00?2'-&)+$)%)4$'%&)$%
'*.&-!$&-.* '" !')2)&$-$) )  !%)&&+*)A-"*"*)&$) 
$)4")'("$&-*77G/=</?;
*:"*	-*:B$2+"*'	"-'($" !$-(/001
,$!" '")+!*).4(-$ !.'"!&-*"&&) $)-$''*.&-)&&$ -(")9,""&"*-
% -
"%% ! ,$*) " -28GO;OO=<
-"&#/00>$ "*% .-*$-$)  !&.&-*-."')%)4
4"&2/OO;1?In 
)++$ "- !(A"!$-)*&*)2(-"$)%)4*$!4" $,"*&$-
*"&&
*$!4"
          261
"% 2/00?("2)-" -$%*)%"&)+$)%)4$'%&)$%'*.&-&$ !*% !(!*)%)4$'''%"&
!*)%)4$'%
*)'"&&"&20G;51O;5<>
"% 2/00/$-*)4" +$8-$) $ $)%)4$'%&)$%'*.&-&+*)&).-("&--(
$)%"*-$%)$%&35G5/>5;1
"% 25OO1.*+'"!$&-.* '"&G-("$**)%"$ ''"%"*-$ 4!"&"*-$+$'-$) 
 ,$*) " -%) $-)*$ 4 !&&"&&" -37G;O1<
) &" 7$-'(" "!$-)*&5OO=
)-" -$%*)%")+'*2-)$)-$'&)$%'*.&-$ 
&"$*$!* 4"% !&
*)'""!$ 4&')%)4 ! 4"" -)+  .% 4"% !&
25<O5>1
"% 2$%%"--"5OO>.% "*$%$-)+!"&"*-$)%)4$'%&)$%'*.&-&-)A$ !
"*)&$) G-("$ +%." '"&)+'*.&-!","%)2" -&)$%-"8-.*" !!$&-.* '").* %)+
*$! ,$*) " -&39G5;;5=/
"% 2*! "*5OO;)$%$'*)&-*.'-.*"$ &)$%&)+-(")%)*!)
%-".G("
*)%")+-("' )'-"*$.Microcoleus vaginatus*"-&$ -.*%$&-53G=0=<
"% 2	
($%%$2& !*)8%"*/00?)$%%$'("  !)&&'),"* !&2"'$"&
*$'( "&&' "($4(%! $'G(""++"'-&)+$ ,&$) -("  .%"8)-$'4*&&




-)%-"*-$) &$ 2*"'$2$--$) +*"3." '"')%)4$141G;0?;5?
"% 2
*&&" !7*2"*/00; +%." '")+$)%)4$'%&)$%'*.&-&) &)$%
" ,$*) " -& !,&'.%*2% -&In "% 2 !		 4""!$-)*&$)%)4$'%
)$%*.&-&G-*.'-.*". '-$)  ! 4"" -2*$ 4"*"*%4"*%$ 
"% 2	
($%%$2&%$ -) " !%!A"%%/00>%)%'( 4" !
$)%)4$'%&)$%'*.&-&G"++"'-&)+.%-*,$)%"-.4" --$) . !"*%-"*"!2*"'$2$--$) 
*"4$"& ! $-*)4" !!$-$) &%)%( 4"$)%)414G?<0?>?
"% 2#"%-"**$*4"* !	.!A$4/001	$ :4"&
"-A"" $'*)$% !(!*)%)4$'%2*)'"&&"&$ *$! !&"$*$!A-"*&("!&
')%)486G/O>;0<
"% 2	" )%!&"("$&
($%%$2&*  !	)%!&-"$ 
/00O"!$" -%)&&"& !4$ &'*)&&4*!$" -)+%$,"&-)':4*I$ 4 !2% -
$ ,&$) $ '))%&"$*$!4*&&% !)%)*!)
%-".")%$ "&"*'(
1G/<=;
          262
)%%$ 4	#%:"*/00/"*-$%"$&% !!","%)2" -*). !2"*"  $%&(*.&
'*)&&)9,""&"*-'(*) )&"3." '"#"&-"* )*-("*$' -.*%$&-62G>>
500
))-(#5O=5%4"&2$) ""*&$ 2% -&.''"&&$)  !-("$*$2)*- '"$ "*)&$) 
') -*)%')%)422G;>=?
).'("*/050-*-)&2("*$')I) ".%-*,$)%"-*!$-$)  !'%$-"'( 4"#"-("*
65G501550
)A:"*/00<$)%)4$'%&)$%'*.&-*"($%$--$) $ -(")* !2*'-$'"G 
. !"*"82%)$-"!)22)*-. $-"&-)*-$) ')%)415G5;/;
)A:"*)%$,"*"& !"&-*"/050)2"-$-$) $ '*"&"&A$-($)-$'
&-*"&& !*"4.%-"&-("!$,"*&$-)+$)%)4$'%&)$%'*.&-&).* %)+')%)498G115
1?0
)A:"*"% 2(.!(* !)( &) /00>",$&$-$ 4'%&&$'
A-"*"*)&$) )!"%&$ !*% !&G("&-*) 4$2'-)+$)%)4$'%&)$%'*.&-&)$%
$)%)4J$)'("$&-*40G/;0O/;5?
)A:"*"% 2#,$!&)  !)%!&-"$ /00?)**"%-"&)+
$)%)4$'%&)$%'*.&-. ! '"'*)&&') -$ ..)+&2-$%&'%"&G&.22)*-+)*
($"**'($'%') '"2-.%)!"%).* %)+22%$"!')%)443G51/5?;
)A:"*"% 2)&" -*"-"* !*(/00=#$%!+$*"*"&$&- -





'). $-')2)&$-$) 2$4" --$)  !,K)+!"&"*-' )'-"*$%&)$%
'*.&-&$'*)$%')%)443G5;/1
*)%"*).A"*
*:"* !%" -$ 5OO<("*)%")+&.*+'"A-"*
*"!$&-*$.-$) $  *")+2--"* "!,"4"--$) $ &"$*$!" ,$*) " -&).-(
A"&-$4"*).* %)+!*)%)4198G5/O
*)):&	5OOO%$"   .%4*&&"& !+$*"$ -(")9,""&"*-!*) )46G5;
5O
.':7#)%++"*:%"* !'$%% /00?%-$ "*%)4)+	&
"4&#&(",!G)*2()%)4 !&.&.*+'"",2)*-$) )$%'$" '")'$"-
)+"*$').* %70G5?;O5?15
.++$ 4-) 	"*"%5O?1"4"--$) %( 4"&) "$!"&"*-*&&% !
 4"+*)5>1>-)5O?;')%)4$'%) )4*2(&35G5;O5?=
          263
%!A"%%). 4B(. !') %!/00>2-$%&-*.'-.*")+




*"'*$ % !$)-*$4$ &)+	$+"9G;;1;=>
2"%%""%"* !)%.$'5O>O"&"*-'*.&-+)*-$)  !&)$%
&-$%$I-$) *$!)$%"&"*'( !"($%$--$) 3G/5<//>
 -) )%"" "- !	I*)/00;)$%4"))*2()%)4*"%-$) &$ 
42&$+"*).&-"*$%&)+-(""* &"&"*-C%"*W2$ D")!"*
115G5O;///




 !)( &) /00O - 4%$ 4-("$)%)4$'%') -*$.-$) &-)&)$%&-$%$-$ 
&"$*$!&(*.% !&')%)4$'%22%$'-$) &19G5505//
 $  )*5OO5*22$ 4)+$*)* "!.&-)&&"&$ -(""4","&"*-
&*"%*-(.*+'"
*)'"&&"& !	 !+)*&16G51;5?/
*"("* !"% 2/0502'-)+$)%)4$'%&)$%'*.&-& !!"&"*-
2% -&) &)$%$'*)+. %'). $-')2)&$-$) 
% - !)$%328G=/5=;5
*"("* !"% 2/00<)$% "-)!"'). $-$"&*"




*"-" -"++"'-&) 2"*+)* '")++$8$ 4%$'(" &$ !$&-.*"!&)$%'*.&-&)+-("
)%)*!)
%-".')%)4$'%22%$'-$) &12G5;O55=01
")I##($-+)*!*-$ "I"I ! B""5OO<*$-$) $ 
'*")&)-".&(CLarrea tridentataD' )2)*2()%)4$ *"%-$) -)($--&)$%
+"*-$%$- !&&)'$-"!  .%2% -'). $-$"&"*$' $!% !-.*%$&-
137G5;/?
"%')	*%$-(	) 4)I) !)A:/00;*")9,"
"&"*-  .%&2"'$"&"3.%Z"&).*'"'3.$&$-$)  !%%)'-$) +)*-("$ ,&$,"
4*&&Bromus madritensis&.&2rubensC
)'""D !-A) -$,"&2"'$"&"*$' 
).* %)+)- 90G50=1501;
          264
"%')	7"-%$ 4*' !#**" /005
(&$)%)4$'%
,*$-$) ) 4 -$," !"8)-$'A$ -"*  .%2% -&&&)'$-"!A$-($'*)$)-$'
'*.&-&$ -(")9,""&"*-
% - !)$%234G55=
"$ "&	)&" -*"-"*%!*$!4" !"*2"/00<"*$ -$)  !
&""!%$ 4"&-%$&(" -)+-A)  .%4*&&"&) %$'(" !)$ -"!$)%)4$'%&)$%
'*.&-&
% - !)$%295G/;;1
. :"*%"/000!*)%)4$'"++"'-&)+!*% !&(*.&G!"+$ $ 4-("&2-$%"8-" -)+
)!$+$"!&)$%A-"*.2-:"*-"&- .&-*%$ !"&"*-&$-").* %)+*$!
 ,$*) " -&45G51O5</
%"*-##""*.!"% !*"" !
)&'(%/00O$'*)$)-$''*.&-&
) &)$%*)': !2% -&G "4%"'-"!9)*2%"*&$ -("4%)%''%"&)+'*)  !
 $-*)4" Z$)4")&'$" '"&$&'.&&6G?O>;<051
%!*$!4")&" -*"-"*/00;(*.). !&" ( '"A-"*+%)A$ &(*.&-"22"




%!*$!4"	"&/00;82%)*$ 4&)"*"%-$) &($2&"-A"" $)%)4$'%&)$%
'*.&-&&)$%44*"4-$)  !A$ !"*)&$) ).* %)+*$! ,$*) " -&53G=1<=??
%!*$!4")&" -*"-"*5OOO)*2()%)4$'%4*).2&G+*"A)*:+)*) $-)*$ 4
$'*)2(-$''*.&-&$ *$!% !&'2"&).* %)+*$! ,$*) " -&41G55/1
%!*$!4"*"" "5OO=$'*)$)-$'&)$%'*.&-&G*",$"A)+-("$**)%"&$ 
&)$% !"')%)4$'%2*)'"&&"&$ -("* 4"% !&)+.&-*%$.&-*%$ ).* %)+
)$%"&"*'(32G;>O=51
%!*$!4"B! !('(:/000 +$%-*-$) -(*).4(-(*""') -*&-$ 4








%$'(" &(,"&2"'$"&&2"'$+$'"++"'-&) -("&""!%$ 4""*4" '")+-(*""42&)2($%"
2% -&2"'$"&).* %)+*$! ,$*) " -&70G5>/>
, &"% 25OOO	) 4"*') &"3." '"&)+!$&-.* '")  $-*)4" 
! $'&$  *$!"')&&-"')%)480G5105?0
          265
, &)( &" 5OOO$'*)$)-$''*.&-& !"')&&-"2*)'"&&"&*$-$'%
",$"A&$ 
% -'$" '"&18G5>;//1
, &$"*	2"** !"% 2/0058)-$'2% -$ ,&$) %-"*&
 $-*)4" ! $'&$  *$!4*&&% !')%)4$'%22%$'-$) &11G5;055;50
A$ 4).-(*!	'%!*-&()*  !)( &) /00<




#"* " !"*&) "$:))2*)A "*:"
$-()++	) )()).*%"	$& "*)&)I%'().-" 
$  $ 4("&-". 4) ""&&" !" #)%!"*$"%
-.!)*"$#"$&&  !%%" /0558-" !"!"4!*).4(-&$ -("





,$"("$& !	" )%!&/050(""')%)4)+!.&-*) -$"*&$ 
')%)4 !-(" ,$*) " -8G=/;=;0





$'("%	)( &) ). 4:$  !"% 2/00;%%&'%","*-$'%
!$&-*$.-$) )+'-"*$%$)&& !!$,"*&$-$ $)%)4$'%&)$%'*.&-&+*)*$!
% !&$ -(")%)*!)
%-".$'*)$%')%)446G;5/;/5
"%*!	"% 2/00;)!&&') !.$-&+)*"8)-$'2% -$ ,&$) &$ &"$*$!
% !&'2") &"*,-$) $)%)417G=/0=;/
$" &
*)%""  "&& !*!" &5O>;)$%),"" -$ 
"&3.$-"!. "% !& !+)*"*4*&&% !&)+&).-("* "A"8$')+*)5O;;-)




"4"--$) '( 4"&$ -(")* !&$ +*)5>1>-)5OO>).* %)+*$!
 ,$*) " -&61G?15??>
)%)!"-&)":" /00?)!"*-"&(""24*I$ 4$ &"$*$!&(*.% !%-"*&
&%%&'%"&)$%&.*+'"&-*.'-.*" !2-'(2*)2"*-$"&-" 65G/>1/O5
))&&" &5OO1$"%!"82"*$" -&)+")%$ !.&-''..%-$) ) *)':+*4" -
&.&-*-"!$" -)%)442G;O5=0/
))&&" &.':/00O.&-"$&&$) )++*)!!*$,$ 4G82"*$" -&) 5<*$!
&)$%-2"&",!"))*2()%)4107G55>5;>









*"&2) &"&)+-A))9,""&"*-&(*.&-)&)$%()*$I) !","%)2" - !&)$%A-"*
! $'&')%)483G<?><<O
*2"*7"% 2/005("$ +%." '")+$)%)4$'%&)$%'*.&-&) $ "*%.2-:"
&&)'$-"!,&'.%*2% -&).* %)+*$! ,$*) " -&47G;=<;1<
$%-%!*$!4")&" -*"-"*#$':%)A)A*! !
"%% -/00=
"'),"*)+$)%)4$'%&)$%'*.&-&+)%%)A$ 4A$%!+$*"$ !()).* %)+ 4"
 4"" -57G>OO?
)%4*" '("++"* !.&-) 5OO<("$ -"*2%)++'$%$--$)  !
')2"-$-$) $ 2% -'). $-$"&')%)478G5O??5O<1
).& 
)A"*&)%%$ & !"% 2/00?*)  ! $-*)4" 
+$8-$) !$++"*"-A"" &.''"&&$) %&-4"&)+$)%)4$'%&)$%'*.&-&$ -(")%)*!)

%-". !($(.(. "&"*-).* %)+*$! ,$*) " -&66G?/0?;=
).& "4"** +)*!	7.&:""("*
 !"% 2/00<"-"*)4" "$-)+&)$% .-*$" -& !&.&.*+'"$)-$ !*% !
"')&&-")$%$)%)4J$)'("$&-*39G/5;>/5=O




).*-(&&"&&" -"2)*-G%$-"( 4"''"&&"!) %$ "-
AAA$2'''(
&&"+*4"*$'("-%" -$  !	9)-/00O$'*)$)-$'&)$%
'*.&-&$ -("("%)+#"&-"* $4"* !-("$*$ +%." '") &)$%2)*)&$- !A-"*
! $'&-" 77G=>11
&&*$'("-"+*4").-" !%" -$ 5OOO)*2()%)4 !
$'*)&-*.'-.*")+$'*)$)-$'&)$%'*.&-&) -$4"*.&(&"3." '"C$4"*("%D
-" 37G5<15O?
)( &) 	"."* !*'$
$'("%/00<82)*-)+ $-*)4" ).&')2). !&
!."-)$ ')2%"-"''%$ 4A$-($ $)%)4$'%&)$%'*.&-&)+*$!% !& ,$*) " -%
$'*)$)%)49G?>0?>O
          267
)( &) 	.!$ )++"% 2 !*'$
$'("%/001"%", '")+
) $.)8$!-$) A$-($ $)%)4$'%&)$%'*.&-'). $-$"& ,$*) " -%
$'*)$)%)47G55/
7$!*) "** &-!- !*I$%/00/("*)%")+!"A&)$&-.*"&).*'"
+)*& !$'*)$)-$''*.&-&$ -(""4","&"*-&*"%).* %)+*$! ,$*) " -&
52G15<1;;
7$!*) ) &(:)**$ ), !"%$),$'(/050
*)2"*-$"& !
&2-$%!$&-*$.-$) )+$'*)$)-$''*.&-&$ -(""4","&"*-&*"%-" 82GO/
505
7$"+-	#($-"	)+-$ 4.$%**$4 !:*5OO>
"2)*%! $'&$ &)$%'*)  ! $-*)4" *"&).*'"&-4*&&% !&(*.% !
"')-) "')%)479G?<5?>;
7%"$ "*7*2"*5O<<)$%2*)2"*-$"&$ *"%-$) -)'*2-)4$'4*). !'),"*
$  ) % !&-$) %
*:).* %)+ 4" 4"" -30G/0//01
7 227"$"**$&:"%&&" 	.)"$'(&-"$ $-(
$-("%%
	"$&%"*#	",$--("**$-(
 !#" 4/00>) &"3." '"&)+)*""8-*""2*"'$2$--$) *"4$"&+)*
-"**"&-*$%"')&&-"&$)'$" '"58G555
7 22
5OO>2-$)-"2)*%2--"* &)+%*4"4*&&% !+$*"&$ -("$ -"*). -$ 
A"&-%)%')%)4 !$)4")4*2(	"--"*&7G/1O/</
	9-(7#'(%"&$ 4"*5O>>("$)4")'("$&-*)+2()&2()*.&''%$ 4 !
2()&2()*.&,$%$%$-%) 4!"&"*-&)$%'(*) )&"3." '"')%)469G/=;O
	9-(7#'(%"&$ 4"*5O>?
% -*"&2) &"-),*$-$) &$  $-*)4" ,$%$%$-
$ !"&"*-&(*.% !'). $-$)4")'("$&-*2G/O;<
	$:$ 	%,*"I !2&-"$ /00>++"'-&)+A$ !"*)&$) ) -("&2-$%
("-"*)4" "$-)+&)$% .-*$" -&$ -A)!"&"*-4*&&% !'). $-$"&
$)4")'("$&-*88G<;>>
	$B()B(.	$ !# 4/00<++"'-)+2% -&2"'$"&) &(*.+"*-$%"
$&% !- )&$&!"&"*-"')-) "$ -(").-(. 44*&$ ($ ).* %)+*$!
 ,$*) " -&71G;10;?5
	$@@	$#) 4
)B(" 4 !	$/00>++"'-&)+
'*.&- !&(*.2-'("&) *. )++&"!$" --$)  !*"%-"! .-*$" -CD
*"!$&-*$.-$) $ -("!"&"*-$+$"!&-"22"I) ")+-("" 44"*"&"*-)*-("* ($ 
"))*2()%)496G//5/;/
          268
	$@@$	E	) 4 !B"*"/001++"'-&)+$)%)4$'%&)$%'*.&-&) 
&""! :4"*$ -$)  !"&-%$&(" -)+-A)  .%2% -&2"'$"&$ -("" 44"*
"&"*-C($ D
% - !)$%277G;<1;>1
	$@		$. !# 4/00=#$ !-.  "%&$.%-$) )+")%$ & !&)$%






&-$%%)) *)*-$ "I !&'.!"*)/050)
$)-$'$ -"*'-$) &)!.%-""')&&-"+. '-$) $ 4%) 4&-*"&&4*!$" -&Z &$4(-&




 )*  !)8&) /00?)2)&$-$)  !+. '-$) )+
$)%)4$'%&)$%'*.&-'). $-$"&%) 4-)2)4*2($'4*!$" -&$ 4*&&% !&)+
'" -*%*$-$&()%.$C($%')-$ D !&).-(A"&-"* .:) C7%. "D !$ 
).* %)+)- 84G<5<<;?
*-$ "I"I##($-+)*!5OO?-"+%)A-(*).4(+%% !'(  "%$I-$) )+
&-"+%)A*))-&$ -(*""($(.(. !"&"*-&(*.&).* %)+*$! ,$*) " -&
32G/<5/><
'*$!"5OO= ,$*) " -%("$&-*)+)$%&8+)*! $,"*&$-
*"&&"A
)*:"A)*:
'!!" 	#"%%& !"*'$ ),$'(5O>< +%." '"&)+")%$  !
2"!)4" $'2*)'"&&"&) -(")*$4$  !",)%.-$) )+!"&"*-2,"" -&")%)4
15G10=10>
'!!" 	#"%%& !)(*" A" !5O>? +%." '"&)+E.-"* *
'%$-$''( 4"&) 2*)'"&&"&)+&)$%!","%)2" -) !"&"*-%)"&&!"2)&$-&)+-("
$)%' $'$"%!%$+)* $-" 13G;?5;>O




'7"  ". 8A"%% !#).%-) 5OO?#$ !-* &2)*-)+& !
&.*+'"&'*.&-"!A$-(2()-).-)-*)2($'$'*))*4 $&&-" 27G//O/=<
'$ &(-*) 4/00<("*)%")+")%$ !.&-$ "')&&-"&"))*2()%)4
89G;O1=
"!)A&). 4 !') %!/00> +%." '")+*"%-$,"&.*+'"
4") (!*.%$'2*)2"*-$"& !$ +$%-*-$) ) &)$%&&&)'$-"!A$-(!"&"*-
2,"" -&-" 72G5?O5<>
          269
"*:%"**)( 
 !22$ 4-) /0012-$% !-"2)*%,*$-$) )+&)%*
$ &)%-$) ),"*% !&'2"&&-))%+)*22$ 4&)$%&$ -("+$"%!
 -"* -$) %""-$ 4
) 4"*"&-"%""*/00?("&)$%4"))*2($'-"2%-" !$)-$''( 4"
$ *$! !&"$*$!"')&&-"&).* %)+*$! ,$*) " -&65G/0</5>
. &) "% 2:$  !:$ /055"&2) &"&)+A$ !"*)&$) -)
'%$-"$ !.'"!,"4"--$) '( 4"&) -(")%)*!)
%-".
*)'""!$ 4&)+-("
-$) %'!")+'$" '"&C,$%%") %$ "D
.&$':5O<1**"  "&&)+!"&"*-2,"" -$ .). -*$I) ).* %)+
-("*$I) '!")+'$" '"10G/=/>
"++	" )%!&"% 2 !
	)-("/001.%-$!"'!%$2'-&)+
4*I$ 4) &)$%2(&$'% !$)4")'("$'%2*)2"*-$"&$ &).-("&-"* -(
')%)4$'%22%$'-$) &15G><O1
)"$*5O<;"&"*-"')&&-"&G ,$*) " - !2*)!.'"*&  .%",$"A)+
')%)4 !&-"-$'&4G/115
:$ $%%"--" !"**$':/00?.%-$&'%"') -*)%&)  !
') &"3." '"&)+")%$ 2*)'"&&"&$ % !&'2"'( 4"$ *$! !&"$*$!
" ,$*) " -&).* %)+*$! ,$*) " -&65G/1;/<1
:$ .** !#'(%"&$ 4"*/005"4*!-$) )+& !*$!
&(*.% !" ,$*) " -&G)&"*,-$) &2*)'"&&)!"%%$ 4 ! 4"" -
$2%$'-$) &).* %)+*$! ,$*) " -&47G5/;5==

*&) &#$ A*$4(-#'(%"&$ 4"* !*(&/00;("*)%")+
),"*% !+%)A$ &"!$" - ! $-*)4" .!4"-&)+"&3.$-"!. "+$"%!&&).-("* 
"A"8$')).* %)+*$! ,$*) " -&53G?5<5

"-"*&) 5O>5	 !+)*&)+-("&$  ! 4""+$ "!+)*)$%.*,"
8%"$&(  )%%"4")+4*$'.%-.*"",!4*$'.%-.*%82"*$" ---$) H
"'( $'%.%%"-$ />1/22" )

.$4!"+k*"4&/001("*)%")+,"4"--$) 2--"* &$ &-*.'-.*$ 4*. )++ !&"!$" -
+%.8"&$ !*% !&*-(.*+'"
*)'"&&"& !	 !+)*&30G5;;5=<
E.!"/005"&"*-2,"" -& !&&)'$-"!*)':,* $&($ -(")9,""&"*-G)A
)%!' -(""Z")%)429G>11>1>
)	%%" /050)$ "!"++"'-&)+2*"'$2$--$)  ! $-*)4" !"2)&$-$) 
)  -$," !$ ,&$,"A$ -"*  .%2*)!.'-$) $ %$+)* $!"&"*-&"')%)4$
162G50;150=?
          270
,$
Y!)*$').8  !	)%%$ &/050 -"*'-$) &"-A"" )$%
*)&$) 
*)'"&&"& !$*"&G2%$'-$) &+)*-(" $'&)+"*-$%$-&% !&
 4"% !')% 4"63G/?</<=
,$
Y!)*$')B)"':,"* !	)%%$ &/00<""!':&
"-A"" +$*"& !A$ !"*)&$) $ ("-"*)4" ").&*$!% !&).* %)+")2(&$'%
"&"*'(112G0=00<
,$
Y!)*$')	# 4#($-":$ ':) !	)%%$ &
/00O
)&-$*""&).*'""!$&-*$.-$) $ "&"*-*&&% !&G
)&&$%""4-$,"
""!':) 	 !"4*!-$) ')&&-"&12G=;====
"("$&5OO0 +%." '")+'%$-" !")%$ !.&-) -("9)*"%"" -'("$&-*








) ")%$ & !&-) ")%)*!)
%-".CDG*$-$) A$-(% !&'2"2)&$-$) 








Y!)*$')/00>"*-$%$-$&% !+)*-$)  !",)%.-$) $ 
!*% !"')&&-"&')%)4 !)'$"-13G55;
$"-:"*:"::"*
!".$-"* !, !"7)22"%/00="%+)*4 $I"!
2-'($ "&& !'-&-*)2($'&($+-&$ "')&&-"&'$" '"305G5O/?5O/O
$-'($""**$': !$-'($"/00;*$$%$-$ &)$%*"!$&-*$.-$) $ 
-(" )*-("* ($(.(. "&"*-&"!) 5;<"&$."&.*"" -&).* %)+*$!
 ,$*) " -&55G<;<<=?
)$ &) +)*-( !




% -&)$%$ -"*'-$) &$ !"&"*-&
$)4")'("$&-*42G5?O5><
          271
'(%"&$ 4"*#) "&5O>=("')2*-$,"$2)*- '")+),"*% !*. )++
 !"   .%*$ +%%-)&(*.'). $-$"&)+-(")9,""&"*-)-I
145G55?5/=
'(%"&$ 4"*#$:"&*-%" !*)&&5OO? -("&2-$%
2--"* )+&)$% .-*$" -&$ !"&"*-"')&&-"&')%)477G;?=;<=
'(%"&$ 4"*#" )%!&	.  $ 4(	."  ":"#**"%%
$*4$ $ !##($-+)*!5OO0$)%)4$'%+""!':&$ 4%)%
!"&"*-$+$'-$) '$" '"247G50=;50=>
'()" ""*4"*
#&)':$" ( !#*)!"*&) /00/$"%!
)):+)*!"&'*$$ 4 !&2%$ 4&)$%&"*&$) /0-.*%"&).*'"&
) &"*,-$) "*,$'"-$) %)$%.*,"" -"*	$ ')% 
'(A$  $ 4%	)$: !(%"*$ 4"*/00=(*"&()%!&")*
 !&"&) %$-G. !"*&- !$ 42.%&"! $'&$ *$!K&"$*$!"')&&-"&
"')%)4$141G5O55O;





$2%$'-$) &+)* 4"" -')%)4$'%22%$'-$) &8G=11=?;
$) &) #5OO1$*)* "!.&- !$-&&$4 $+$' '"-)&)$%&")!"*65G5=;
$-(.8 B$-I"*(*%"-).& )%" 	
7" &-"*:"*""   !)A:/000%",-"!/$ '*"&"&
2*)!.'-$,$- !$ ,&$,"&2"'$"&&.''"&&$  *$!"')&&-"-.*"408G<O>/
)$%.*,"-++/0507"&-))$%8) )#&($ 4-) 
).I4$2&#$"*I'()& '()"%) -" !&'&)/00=)%")+
$)%)4$'%&)$%'*.&-'),"*$ $)A"-("*$ 4 !2*)-"'-$) )+& !&-) "&$ &"$









          272
-)(%4*" -&.:$$%%	"" !"% 2/005
--"* &)+2% -
$ ,&$) &G'&""82%"$  -$,"&2"'$"&()-&2)-& !**"($--&$)%)4$'%
 ,&$) &3G;<10
.@	$#(" 4  !	$/00<++"'-&)+$)%)4$'%&)$%
'*.&-&) ""*4" '")+!"&"*-,&'.%*2% -&$ )*-(($ 
% -')%)4191G55
5O
()&).4$%%/00<2-$% !-"2)*%!$&-*$.-$) )+' )'-"*$%
&)$%'*.&-&$ -("7%(*$G2%$'-$) &+)*&)$%&.*+'"2*)2"*-$"&"))*2()%)4
85G5</O
()&).4$%%/00?$&-*$.-$)  !'(*'-"*$&-$'&)+' )'-"*$%&)$%
'*.&-&$ -(")%)2)&$ ).-(+*$').* %)+*$! ,$*) " -&64G/<0/>;
()2&) 	#%:"*	 !. !	-*:/001("$ +%." '")+
"%",-$) &(*.&2"'$"& !$)%)4$'%&)$%'*.&-) +"*-$%"$&% !&$ -(")9,"
"&"*-).* %)+*$! ,$*) " -&61G?0O?/O
()2&) 	B!
. '(" 4#$%&)  !*-" &/00?)$%
 !2))%&$ 2-'(&(*.% !&)+-(""4", !($(.(. "&"*-&)$%
$)%)4J$)'("$&-*38G5O=;5O11
$-.&)A: !$-(/00/)$%*"&).*'"("-"*)4" "$-$ -("




-("2&)2($%"'*2-)4$''*.&- !-("$*') &"3." '"&-)-("A-"**"4$")+
& !&)+-& )*-(A"&-"* "4","&"*-&*"%).* %)+*$! ,$*) " -&
29G=/<=;<
"&-"	$--  #*"':%" !$*/005("*)%")+$)%)4$'%&)$%
'*.&-&) !"&"*-& !!. "&$ -(" )*-(A"&-"* "4",&*"%
4"&;1<;?<In 
#*"':%""&-" !##.'("*"*"!$-)*&.&-$ %"	 !&"$ "&"*-&
2*$ 4"*"*%$ 
#%:"*	()2&)  !	 !./00582"*$" -% $2.%-$) &)+
+"*-$%"$&% !& ! .*&"2% -"++"'-&$ -(")9,""&"*-#"&-"* )*-(
"*$' -.*%$&-61G/1;1
#"%%&	'!!"  !)(*" A" !5O>< +%." '")+%-"E.-"* *
'%$-$''( 4"&) 4"))*2($' !2"!)4" $'2*)'"&&"&) !"&"*-2$"!) -
"&-"* )9,""&"*-%$+)* $E.-"* *"&"*'(27G5;05=?
          273
#($-+)*!# !"*&)  !
$'"5OO<-"+%)A') -*$.-$) -)-("l+"*-$%"
$&%nd’ e++"'-$ '*")&)-".&(Larrea tridentata).* %)+*$! ,$*) " -&
35G=15=1<
#))!*( !#"%%&/001.*+'"') -*)%)+!"&"*-2,"" -
2"!)%)4$'2*)'"&& !% !&'2"+. '-$) $)%' $'+$"%!)9,""&"*-
%$+)* $-" 59G/01/;0
$*5OO0. )++4" "*-$) $ & !*"-("$II  !&#"&-"* "4",
&*"%*-(.*+'"
*)'"&&"& !	 !+)*&15G1O<?0O
). 4') %!%!A"%%"  "* !"!)A&/00=
!*.%$'2*)2"*-$"&)+!"&"*-&)$%'(*) )&"3." '"$ -(")9,""&"*-
!)&"B) ").* %3GO1?O?;
B!B++"*/050$)4" $'&)$%'*.&-& !&)$%!"2-(G%) 4-"*'&"&-.!
+*)-("" -*%"4",!"&"*-($4(% !"!$" -)%)457G;15;1>
B!).&:$%/00/	$I*!.**)A&&&)'$-$) A$-(&.''"&&$) %&-4"&)+
$)%)4$'%&)$%'*.&-&$  *$!& !*"4$) ).* %)+*$! ,$*) " -&50G/;1
/=?
B!B++"* !('(:/005("') -" - !') -*$.-$) &)+!"2)&$-"!
")%$ )*4 $'--"*$ !*% !"')&&-")+-(""4","&"*-&*"%
-)&2("*$' ,$*) " -35G<?O<<?
B!
*)++  !('(:5OO?	$--"*&*"4.%-)*)+ !
! $'&$ '*)2(-$'2-'("&$ "4","&"*-&)$%&)$%$)%$)'("28G;O
=?

          274
AB
Figure 4.1: (A) Smooth cyanobacteria crusts have slightly darkened surfaces where the 
sticky sheaths of filamentous cyanobacteria have captured and cemented dust (arrow, 
scale 1 cm).  This crusting is usually visble to the naked eye. (B) Cyanobacterial crusts 
form smooth, light colored surfaces between shrubs (scale 1 m).
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Figure 4.2: (A) Moss-lichen crusts have dark, rough surfaces that protect shrub 
interspaces from erosion (scale 1 m). (B) Short moss-lichen crusts are common in 
recent Holocene inset fans and have low surface relief, up to 2 cm (marker for scale). 
(C) Tall moss-lichen pinnacled crusts are composed of complex matrices of mosses, 
lichens, cyanobacteria, and sediments.  Squamulose lichens (l) dominate this crust 
(scale 1 cm).  (D) Tall moss-lichen pinnacles (arrow) grow between desert pavement 
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Figure 4.4: The study area is located within the Hidden Valley Area of Critical 
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Figure 4.5:  Hidden Valley is a semi-enclosed basin in the Muddy Mountains 
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Figure 4.9:  Parametric and non-parametric t-tests compared differences in mean and 
median values for interspace soil characteristics from point counts, line intercept data, 
metadata, and solar insolation analyses for two interspace cover classes.  For these 
analyses, plots were classified as having >14% exotic Bromus grass interspace cover or 
<5% exotic Bromus grass interspace cover.  Plots could come from any geomorphic 
surface and may occur with other surface cover types.  Plots that did not fall into one of 
these two categories were removed from the analyses.
 adjacent vascular plant canopy cover; cyanobacteria crust, moss, Collema lichen, 
Placidium lichen, Peltula lichen, bare soil, limestone clasts, sandstone clasts, 
petrocalcic clasts, Bromus exotic grass litter, non-grass plant litter, moss-lichen 
crusts, total BSCs, bare-cyanobacteria, total rocks, clay, silt, very fine sand, fine sand, 
sand, total sand,  K, Na, Ca, Fe, Mg, B, Mn, Cu, Zn, Mo, Ni, NO3, SO4, Cl, extractable P, 
total S, total N, total C, inorganic C, organic C,  carbonate, pH, EC, seasonal solar 
insolation, maximum pinnacle height  
Comparisons of Surface Characteristics from Interspaces:
t-tests compared mean and median values of 
interspace characteristics for 2 groups
n=8
High Bromus
Interspace Cover > 14%
Low  Bromus
Interspace Cover < 5%
n=11
Exotic Bromus Grass Cover Classes
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Figure 4.10:  Parametric and non-parametric paired t-tests compared differences in 
mean and median values from point counts and physicochemical data from all shrub 
canopies and interspaces combined.
cyanobacteria crust, moss, Collema lichen, Placidium lichen, Peltula lichen, 
bare soil, limestone clasts, sandstone clasts, petrocalcic clasts, Bromus 
exotic grass litter, non-grass plant litter, moss-lichen crusts, total BSCs, 
bare-cyanobacteria, total rocks, clay, silt, very fine sand, fine sand, sand, 
total sand,  K, Ca, Fe, Mg, B, Mn, Cu, Zn, Mo, Ni, NO3, SO4, Cl, extractable P, 
total S, total N, total C, inorganic C, organic C,  carbonate, pH, EC
Comparisons of Surface Characteristics:
paired t-tests compared mean and median values of 
interspace vs. canopy characteristics for all plots
n=36 n=36
interspace canopy
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Figure 4.11:  Parametric and non-parametric t-tests compared differences between 
interspace and canopy soil characteristics from point count and physicochemistry data 
separately for three groups.  For these analyses, plots were classified as having >30.9% 
cyanobacteria-bare interspace cover, > 31.9% moss-lichen interspace cover, and 
>52.9% rock interspace cover.  Plots could come from any geomorphic surface.  Plots 
that did not fall into one of these categories were removed from the analyses.
cyanobacteria crust, moss, Collema lichen, Placidium lichen, Peltula lichen, bare soil, 
limestone clasts, sandstone clasts, petrocalcic clasts, Bromus exotic grass litter, 
non-grass plant litter, moss-lichen crusts, total BSCs, bare-cyanobacteria, total rocks, clay, 
silt, very fine sand, fine sand, sand, total sand,  K, Ca, Na Fe, Mg, B, Mn, Cu, Zn, Mo, Ni, NO3, 
SO4, Cl, extractable P, total S, total N, total C, inorganic C, organic C,  carbonate, pH, EC
Comparisons of Surface Characteristics:
paired t-tests compared mean and median interspace vs. canopy 
characteristics  for 3 separate interspace cover groups
interspace canopy
Moss-Lichen
Interspace Cover > 31.9%
n=11
Rock
Interspace Cover > 52.9%
n=13
Cyanobacteria-Bare 
Interspace Cover > 30.9%
n=8
interspace surface cover groups
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Figure 4.12:  A parametric t-test indicates a significant difference in actual cyanobacte-
ria counts between groups predicted to have low cyanobacteria and high cyanobacteria 
according to ocular estimates.  This analysis indicates that ocular estimates of 


































Actual Cyanobacterial  Counts 
as a function of predicted cover
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Figure 4.13:  A non-metric multidimensional scaling groups plots (purple triangles) in a 
3-D ordination.  Two axes are shown.  Plots are grouped according to similarities in 
interspace biological soil surface cover (black text).  Biological cover types that are 
most commonly associated lie close together along the plot.  The ordination indicates 
that mosses, Collema lichen, Psora lichen, Placidium lichen, Peltula lichen, and 
Bromus exotic grass are all positively associated with each other but negatively 
associated with non-grass plant litter and cyanobacteria.  Environmental overlays are 
shown as vectors (red).  Vectors point in the direction of those surface cover types with 
which they are most commonly associated.  The magnitude of these relationships is 
indicated by the length of the vectors, with the longest lines corresponding to the 
strongest relationships.  These vectors indicate that mosses, all lichens, and exotic 
Bromus are positively related to maximum pinnacle height, K, B, Ca, ECe, and Fe, 
while non-grass plant litter and cyanobacteria are positively related to bare soil.  C:N 
ratios and NO3  are negatively related to all surface cover types.  A positive relationship 
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Figure 4.15:  ANOVAs compare differences in canopy surface cover among various 





mean canopy Bromus cover among geomorphic surfaces.  Bars represent mean stan-
	"	~	#	[[						
canopy Coleogyne, Collema, Placidium, moss-lichen, limestone, and total rock cover. 
~%	$			"	
Canopy Cover
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Figure 4.16:  Non-parametric ANOVAs compare differences in median canopy surface 





differences in (A) canopy clay content and (B) canopy Zn and Mo concentrations. (See 
Figure 7 for methods.) 
Clay Content
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Figure 4.17: ANOVAs compare differences in canopy surface chemistry among various 
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Figure 4.18:  ANOVAs compare differences in interspace surface cover among various 





differences in mean interspace total rock cover among geomorphic surfaces.  Bars 
			"	~	#	[[				
in median interspace moss, Collema, Placidium@	@	#	@		
?@			&"	~%	$			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Interspace Cover
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Figure 4.19:  ANOVAs compare differences in interspace maximum pinnacle height 
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Figure 4.20:  ANOVAs compare differences in interspace surface cations among vari-
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Figure 4.21: ANOVAs compare differences in interspace surface chemistry among 





analyses (A) Parametric ANOVA shows significant differences in mean interspace EC 
	#	$"		~	#	[[			
differences in median interspace EC.  (C) Parametric ANOVA shows significant 
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Figure 4.23: ANOVAs compare differences in surface cover among three 





show significant differences in median vascular plant cover adjacent to interspaces. 
Differences are reported for Pleuraphis and Menodora.  (B) Parametric ANOVA shows 
significant differences in mean interspace BSC cover.  Bars represent mean standard 
"		~	#	[[						#	
cover by moss, Placidium @	@		%@	@	Collema lichen,
	?@		@		@		@	@	#	@	
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Figure 4.24: ANOVAs compare differences in soil characteristics among three inter-




differences from the rock class (“desert pavement”). (A) Non-parametric ANOVA 
shows significant differences in median maximum pinnacle height.  Maximum pinnacle 
height refers to the greatest topographic microrelief found in moss-lichen pinnacles 
within shrub interspaces.   (B) Parametric ANOVAs show significant differences in 
mean interspace fine sand, silt, and total sand.  Bars represent mean standard error.  (C) 
Non-parametric ANOVAs show significant differences in median interspace clay, fine 
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the rock class (“desert pavement”). (A) Parametric ANOVAs show significant 
differences in mean interspace K, Ca, Fe, and Ni.  Bars represent mean standard error.  
(B) Non-parametric ANOVAs show significant differences in median interspace K, Ca, 
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the rock class (“desert pavement”). (A) Parametric ANOVA shows significant 
differences in mean interspace extractable P.  Bars represent mean standard error.  (B) 
Non-parametric ANOVAs show significant differences in mean interspace extractable P 
and C:N ratios.  (C) Non-parametric ANOVAs show significant differences in median 
interspace total C, inorganic C, organic C, carbonate, and total N. Parametric ANOVA 
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(“desert pavement”). (A) Parametric ANOVA shows significant differences in mean 
interspace EC.  Bars represent mean standard error.  (B) Non-parametric ANOVA 
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Figure 4.28: T-tests compare differences in soil cover, adjacent canopy cover, and soil 
chemistry associated areas of low and high exotic Bromus grass cover.  (A) Non-
parametric t-tests show significant differences in median Ephedra canopy cover, 
interspace Collema lichen cover, and interspace Bromus cover.  (B) Parametric t-tests
show significant differences in mean interspace Ca, Mg, and Ni.  Bars represent mean 
standard error.  (C) Non-parametric t-tests show significant differences in Mg, Ca, and 
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Figure 4.29:  T-tests compare differences in soil chemistry associated areas of low and 
high exotic Bromus grass cover.  (A) Non-parametric t-tests show significant differences 
in median interspace Cl.  (B) Non-parametric t-tests show significant differences in 
median interspace total S.  (C) Parametric t-tests show significant differences in mean 


































































(as function of Interspace Bromus)C
          303
Figure 4.30:  T-tests compare differences in soil cover between all shrub canopies and 
interspaces.  (A) Parametric t-tests show significant differences in mean BSC cover.  
Bars represent mean standard error.    (B) Non-parametric t-tests show 
significant differences in median soil cover by Collema lichen, Placidium lichen,
moss-lichen, total BSCs,  limestone clasts, total rock, bare soil, plant litter, and Bromus
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Figure 4.31: T-tests compare differences in soil texture between all shrub canopies 
and interspaces.  (A) Parametric t-tests show significant differences in mean silt, fine 
sand and total sand volumes.  Bars represent mean standard error.    (B) Non-
parametric t-tests show significant differences in median clay, silt, fine sand, and total 
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Figure 4.32: T-tests compare differences in soil chemistry between all shrub canopies 
and interspaces.  (A) Parametric t-tests show significant differences in mean Ni 
concentrations.  Bars represent mean standard error.  (B) Non-parametric t-tests show 
significant differences in median Na, K, Mg, Ca, Mn, Fe, B, Ni, Cu, and Co 
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Figure 4.33: T-tests compare differences in soil chemistry between all shrub canopies 
and interspaces.  (A) Parametric t-tests show a significant difference in mean extract-
able P concentrations.  Bars represent mean standard error.  (B) Non-parametric t-tests
show significant differences in median Cl, SO4 , NO3, and extractable P concetrations.   
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Figure 4.34:  T-tests compare differences in soil chemistry between all shrub canopies 
and interspaces.  (A) Non-parametric t-tests show a significant difference in median 
inorganic C, organic, C, total N, and carbonate concentrations.   (B) Non-parametric 
t-tests show significant differences in median C:N ratios and EC.  (C) Parametric t-tests 
show a significant difference in mean EC.  Bars represent mean standard error.   (See 
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Figure 4.37:  T-tests show significant differences between canopy and interspace soil 
texture for three interspace cover classes, which include cyanobacteria-bare, moss-
lichen, and rock (“desert pavement”).  Significant differences are denoted by *.  (A) 
Parametric t-tests and (B) non-parametric t-test show significant differences fine sand 
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Fine Sand
Input
High Sand, Low Rocks
Rock & Sand Mix




over Av Horizons 
Desert Pavements
over Av Horizons 
Interspace
Trajectory
Figure 4.43:  Surface particle size controls surface cover and the magnitude of the fertile 
island effect.  Sandy soils support cyanobacteria crusts and lead to low overall fertility 
and moderate canopy-interspace nutrient disparities.  Surfaces composed of sand and 
rock fragments lead to dense moss-lichen crusts, high interspace fertility, and low 
canopy-interspace nutrient disparities.  Rock-covered surfaces lead to “desert pavements” 
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Figure 4.44:  Cyanobacteria interspaces (with some bare soil) have low fertility and 
moderate nutrient disparities from canopies.  Low dust capture and low organic matter 
(OM) produce low nutrient inputs.  Sandy soils facilitate leaching and erosion of 
nutrient-rich substrates.  Table above shows interspace-canopy nutrient disparities.  
Elevated characteristics unique to this cover type are indicated by *. Numbers 1, 2, and 3, 
show the magnitude of differences in mean/median values compared to other surfaces.  
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Figure 4.45:  Moss-lichen interspaces have high fertility, with low nutrient disparities 
from shrub canopies.  High dust capture leads to high nutrient inputs.  Moss-lichen 
covered loamy-soil prevent erosion and helps maintain soil moisture for organic matter 
(OM) overturn.  Table above shows magnitude of interspace-canopy nutrient 
disparities.  Elevated characteristics unique to this cover type are indicated by *. The 
numbers 1, 2, and 3, show the relative magnitude of difference in mean/median values 
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Figure 4.46:  “Desert pavement” with scattered moss-lichen crusts have high canopy- 
nutrient disparities.  Low water retention in interspaces leads to low organic matter (OM) 
turnover and nutrient availability.  Low leaching maintains moderate fertility.  Table 
above shows magnitude of interspace-canopy nutrient disparities.  Elevated 
characteristics unique to this cover type are indicated by *. The numbers 1, 2, and 3, 
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Figure 4.49:  Soil profile particle size influences surface cover and disturbance 
susceptibility.  Sandy soils lead to cyanobacteria crusts that are especially susceptible to 
climate change, as are all BSCs.  Mixtures of sand and rock fragments lead to moss-
lichen crusts that favor exotic grass invasion and wildfires.  Gravel-dominated deposits 
lead to desert pavements that may emit large volumes of dust with ORV disturbance.   
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Surface Cover Composite Classes 
Composite Class Component Categories
Total Canopy Cover Sum of all plant canopies from line intercept data
Moss-lichen Sum of moss and all lichen cover from point count data
Total BSCs Sum of cyanobacteria, moss, and all lichen from point count data
Cyanobacteria-Bare Sum of cyanobacteria and bare soil cover from point count data
Total Rock
Sum of surface rock cover from 
limestone, sandstone, and petrocalcic 
clasts from point count data
Table 4.3:  Summary of surface cover composite classes used in data compilation 
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Table 4.4:  Paired t-tests from all plot data show variable mean/median values for 
interspace and canopy characteristics.  Characteristics are listed where they are found 
elevated.  (See methods in Figure 10.) 
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Table 4.6:  Parametric correlation coefficients of canopy cover characteristics are 
calculated as Pearson’s R-values.  Cells in blue show significant negative relationships 
at the 0.05 level, with R-values of -0.45 or less.  Cells in orange show significant 
positive relationships at the 0.05 level, with R-values of 0.45 or greater.
Canopy Cyanobacteria Canopy Total BSC
Canopy Plant 
Litter Canopy Bromus
000.1airetcabonayC yponaC .906** -.186 -.480**
Canopy Total BSC%_UC .906** 1.000 -.178 -.558**
000.1871.-681.-rettiL tnalP yponaC -.467**
Canopy Bromus -.480** -.558** -.467** 1.000
540.341.792.-613.-tliS yponaC







Canopy Total C -.429** -.392* .290 -.131
Canopy Total N -.354* -.218 .041 .009
203.-oitaR N:C yponaC -.418* .517** -.284
431.-091.091.-562.-CE yponaC
Parametric Product Moment Correlation Coefficients
Pearson's R <-0.449999, Sig. at 0.05
Pearson's R >0.4499999, Sig. at 0.05
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Table 4.7:  Parametric correlation coefficients of interspace characteristics are 
calculated as Pearson’s R-values.  Cells in blue show significant negative relationships 
at the 0.05 level, with R-values of -0.45 or less.  Cells in orange show significant 
positive relationships at the 0.05 level, with R-values of 0.45 or greater.
Pearson's R <-0.449999, Sig. at 0.05
Pearson's R >0.4499999, Sig. at 0.05
Interspace Total BSC Interspace Limestone
000.1CSB latoT ecapsretnI -.799**
Interspace Limestone -.799** 1.000
922.-tliS ecapsretnI .439**
562.Fine Sand ecapsretnI -.486**
740.571.-andS ecapsretnI
622.Total Sand ecapsretnI -.431**





Interspace pH -.348* .225
381.-582.CE ecapsretnI
Interspace Inorganic C -.583** .729**
932.682.-C cinagrO ecapsretnI
Interspace Carbonate -.583** .729**
Parametric Product Moment Correlation Coefficients
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Table 4.8(A):  Non-parametric correlation coefficients of canopy characteristics are 
calculated as rho-values.  Cells in blue show significant negative relationships at the 
0.05 level, with rho-values of -0.45 or less.  Cells in orange show significant positive 














Canopy Cyanobacteria 1.000 .095 -.056 -.093 -.284 -.187
601.-820.-100.910.-000.1590.ssoM yponaC
Canopy Collema        .056 -.019 1.000 .401* .102 -.057
-.093 .001 .401* 1.000 .173 .227
.-482.-Psora yponaC 028 .102 .173 1.000 -.041
.-781.-Peltula yponaC 106 -.057 .227 -.041 1.000
Canopy Moss-Lichen -.058 .665** .558** .404* .147 -.057
Canopy Total BSC .903** .355* .155 .032 -.260 -.203
Canopy Limestone -.342* -.262 .222 .205 .165 -.106
Canopy Sandstone .205 .025 -.055 -.294 -.086 -.060
Canopy Petrocalcic -.133 -.217 .039 .352* .088 .340*
Canopy Total Rock -.335* -.415* .195 .281 .171 .073
751.-850.-242.-680.512.112.eraB yponaC
Canopy Plant Litter -.187 -.010 -.143 -.109 .158 .138
Canopy Bromus -.447** -.049 -.123 -.111 .076 .122
Coleogyne .087 .121 .022 .283 .139 .218
Pleuraphis .195 -.151 -.044 -.476** -.118 -.082
Hymenoclea -.101 .199 .078 -.055 -.157 -.110
Larrea .219 .213 -.333* -.268 -.196 .100
Lycium a. .350* -.148 -.060 -.061 -.073 -.051
Dead Shrub .161 .223 -.339* -.001 -.156 .090
Psorothamnus .154 .237 -.034 -.055 -.108 -.075
Menodora .168 .312 -.153 -.261 -.215 -.150
Krameria -.175 -.035 .119 .074 -.108 -.075
Encelia -.106 -.329 .295 .037 .144 -.082
Tiquilia -.106 -.204 .172 .177 .676** -.029
Krascheninnikovia -.285 .155 -.025 .067 .717** -.029
Eriogonum f. .016 -.253 .074 -.185 -.041 -.029
Ambrosia .113 -.278 .047 .011 -.244 .051
Canopy Placidium
rho<-0.449999, Sig. at 0.05
rho>0.4499999, Sig. at 0.05
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Table 4.8(B):  Non-parametric correlation coefficients of canopy characteristics are 
calculated as rho-values.  Cells in blue show significant negative relationships at the 
0.05 level, with rho-values of -0.45 or less.  Cells in orange show significant positive 
relationships at the 0.05 level, with rho-values of 0.45 or greater.
rho<-0.449999, Sig. at 0.05














613.-590.yalC yponaC -.063 .191 .124 .171
091.192.-392.-tliS yponaC .440** .252 .122
Canopy Very Fine Sand -.264 -.228 .344* .292 .056 .268
Canopy Fine Sand .259 .215 -.232 -.517** -.217 -.138
923.461. dnaS yponaC -.139 -.053 -.032 -.236
Canopy Total Sand .254 .288 -.162 -.430** -.229 -.122
171.872.380.130.-271.-590.-aN yponaC
Canopy K -.382* -.261 .383* .414* .360* .171
300.-862.-gM yponaC .416* .270 .300 .106
642.-913.-aC yponaC .273 .312 .328 .106
601.830.-030.-661.841.-451.-nM yponaC
Canopy Fe -.374* -.200 .394* .274 .283 .089
842.372.-062.-iN yponaC .352* .374* .106
400.810.-281.-uC yponaC .358* .314 -.089
812.271.413.-nZ yponaC .352* .328 -.155
361.331.661.-103.-tlaboC yponaC .374* .106
Canopy B -.391* -.371* .342* .031 .264 .106
840.500.oM yponaC .367* .501** .302 .041
800.-182.-020.200.242.-650.CU_lC yponaC
Canopy SO4 -.101 -.247 .222 .180 -.038 -.155
Canopy NO3 -.382* -.178 .335* .443** .066 .220
831.-150.913.150.-300.-790.-P .txE yponaC
Canopy Total C -.435** -.275 .244 .426** .266 -.008
Canopy Inorganic C -.358* -.267 .022 .239 -.087 .122
Canopy Organic C -.462** -.158 .347* .418* .312 -.122
Canopy Total N -.378* .001 .411* .506** .210 -.089
431. S latoT yponaC .403* .372* .295 -.136 -.155
Canopy C:N Ratio -.299 -.546** -.098 .107 .194 .171
Canopy Carbonate -.358* -.267 .022 .239 -.087 .122
732.940.Hp yponaC .239 .305 -.081 -.114
022.220.662.222.281.-092.-CE yponaC
Summer Insolation .218 -.163 .175 .072 -.022 -.220
Equinox Insolation .146 -.369* -.006 -.296 -.136 -.252
Winter Insolation .128 -.395* -.032 -.318 -.136 -.236
Total Canopy Cover .258 .228 -.408* -.210 -.253 -.033
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Table 4.8(C):  Non-parametric correlation coefficients of canopy characteristics are 
calculated as rho-values.  Cells in blue show significant negative relationships at the 
0.05 level, with rho-values of -0.45 or less.  Cells in orange show significant positive 
relationships at the 0.05 level, with rho-values of 0.45 or greater.
rho<-0.449999, Sig. at 0.05









































-.058 .903** -.342* .205 -.133
.665** .355* -.262 .025 -.217
.558** .155 .222 -.055 .039
.404* .032 .205 -.294 .352*
.147 -.260 .165 -.086 .088
-.057 -.203 -.106 -.060 .340*
1.000 .301 .039 -.041 -.132
.301 1.000 -.283 .163 -.157
.039 -.283 1.000 .021 .103
-.041 .163 .021 1.000 -.033
-.132 -.157 .103 -.033 1.000
-.091 -.312 .925** .030 .397*
.096 .303 -.073 .163 -.370*
-.024 -.182 .411* -.168 -.081
-.139 -.528** -.513** -.091 .021
.118 .186 .175 .102 .403*
-.235 .108 -.399* .068 -.124
.184 .051 .400* .151 -.057
-.177 .119 -.485** -.128 -.262
-.184 .312 -.252 -.106 .309
-.082 .123 -.407* -.380* -.313
.268 .219 .196 .290 -.141
.171 .208 -.232 .185 -.251
.119 -.131 .106 -.157 -.141
-.055 -.127 .358* .028 -.059
.090 -.106 .220 -.060 -.103
.114 -.252 .016 -.060 .216
-.187 -.057 .114 .522** -.103
-.103 .033 -.094 .062 .158
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Table 4.8(D):  Non-parametric correlation coefficients of canopy characteristics are 
calculated as rho-values.  Cells in blue show significant negative relationships at the 
0.05 level, with rho-values of -0.45 or less.  Cells in orange show significant positive 
relationships at the 0.05 level, with rho-values of 0.45 or greater.
rho<-0.449999, Sig. at 0.05
rho>0.4499999, Sig. at 0.05
Canopy Clay
Canopy Silt












































-.199 .002 .262 -.140 .367*
.026 -.327 .464** -.170 .407*
.052 -.258 .324 -.018 .429**
-.107 .276 -.444** .254 -.383*
.141 .145 -.260 -.101 -.353*
-.014 .289 -.463** .187 -.397*
-.125 -.196 .068 -.095 .215
.098 -.362* .553** -.050 .356*
.327 -.168 .466** -.248 .088
.014 -.309 .503** -.225 .369*
.040 -.084 .136 -.163 -.176
.099 -.299 .491** -.216 .293
-.040 -.271 .493** -.287 .320
.089 -.182 .210 -.166 -.005
.318 -.265 .277 -.018 .069
.011 -.268 .311 -.343* .172
-.016 -.346* .546** .019 .198
.327 .030 .095 -.053 .060
-.230 -.092 .196 .165 .207
-.042 -.173 .474** .150 .127
.162 -.324 .522** -.226 .217
-.039 -.191 .333* -.150 .400*
.044 -.452** .753** -.072 .350*
-.115 -.417* .671** -.017 .389*
.154 -.427** .659** -.117 .269
.269 -.318 .533** -.142 .306
.371* .282 .084 .026 -.008
-.295 -.410* .627** -.012 .204
-.115 -.417* .671** -.017 .389*
.256 .181 -.119 -.374* -.114
.055 -.232 .495** -.207 .293
-.080 .171 .140 .037 -.023
-.388* .052 .204 .156 -.165
-.409* .035 .235 .174 -.096
-.023 .225 -.340* -.020 -.249
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Table 4.8(E):  Non-parametric correlation coefficients of canopy characteristics are 
calculated as rho-values.  Cells in blue show significant negative relationships at the 
0.05 level, with rho-values of -0.45 or less.  Cells in orange show significant positive 
relationships at the 0.05 level, with rho-values of 0.45 or greater.
rho<-0.449999, Sig. at 0.05







































-.335* .211 -.187 -.447**
-.415* .215 -.010 -.049
.195 .086 -.143 -.123
.281 -.242 -.109 -.111
.171 -.058 .158 .076
.073 -.157 .138 .122
-.091 .096 -.024 -.139
-.312 .303 -.182 -.528**
.925** -.073 .411* -.513**
.030 .163 -.168 -.091
.397* -.370* -.081 .021
1.000 -.194 .338* -.457**
-.194 1.000 .010 -.315
.338* .010 1.000 -.474**
-.457** -.315 -.474** 1.000
.259 .172 .294 -.422*
-.383* .096 -.250 .212
.308 .482** .261 -.508**
-.514** -.031 -.222 .295
-.045 .024 -.252 -.013
-.449** .120 -.090 .186
.103 .273 .253 -.402*
-.328 .501** -.111 -.026
.036 .193 -.038 .103
.313 .020 .260 -.210
.220 -.157 .244 -.106
.024 .070 -.016 .203
.138 .165 -.187 .049
-.020 -.476** -.120 .154
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Table 4.8(F):  Non-parametric correlation coefficients of canopy characteristics are 
calculated as rho-values.  Cells in blue show significant negative relationships at the 
0.05 level, with rho-values of -0.45 or less.  Cells in orange show significant positive 
relationships at the 0.05 level, with rho-values of 0.45 or greater.
rho<-0.449999, Sig. at 0.05
rho>0.4499999, Sig. at 0.05
Canopy Clay
Canopy Silt










































.397* -.446** .185 -.148
.572** -.639** .188 .009
.436** -.523** .122 .062
-.523** .613** -.164 .010
-.443** .350* -.169 .062
-.569** .601** -.206 .032
.157 -.244 .029 .105
.630** -.454** .081 -.031
.455** -.399* .125 -.069
.562** -.458** .229 -.080
.117 -.062 -.008 .064
.525** -.291 .179 -.077
.536** -.273 .236 -.140
.158 .061 .073 -.032
.175 .124 -.004 .072
.339* -.258 .133 .047
.594** -.320 .280 -.144
.038 -.282 -.223 .095
.259 -.056 .145 -.181
.493** -.262 .192 -.214
.558** -.302 .031 -.036
.373* -.531** -.012 -.022
.774** -.489** .294 -.146
.720** -.331* .313 -.200
.646** -.415* .230 -.043
.494** -.447** .079 .026
-.017 .081 -.165 -.138
.710** -.147 .522** -.317
.720** -.331* .313 -.200
-.223 .096 -.156 -.008
.579** -.463** .262 -.123
.171 -.004 .157 -.226
.238 .119 .231 -.292
.284 .109 .257 -.323
-.385* .214 -.065 .020
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Table 4.8(G):  Non-parametric correlation coefficients of canopy characteristics are 
calculated as rho-values.  Cells in blue show significant negative relationships at the 
0.05 level, with rho-values of -0.45 or less.  Cells in orange show significant positive 
relationships at the 0.05 level, with rho-values of 0.45 or greater.
rho<-0.449999, Sig. at 0.05































Coleogyne Pleuraphis Hymenoclea Larrea
.087 .195 -.101 .219 .350*
.121 -.151 .199 .213 -.148
.022 -.044 .078 -.333* -.060
.283 -.476** -.055 -.268 -.061
.139 -.118 -.157 -.196 -.073
.218 -.082 -.110 .100 -.051
.118 -.235 .184 -.177 -.184
.186 .108 .051 .119 .312
.175 -.399* .400* -.485** -.252
.102 .068 .151 -.128 -.106
.403* -.124 -.057 -.262 .309
.259 -.383* .308 -.514** -.045
.172 .096 .482** -.031 .024
.294 -.250 .261 -.222 -.252
-.422* .212 -.508** .295 -.013
1.000 -.272 .232 -.488** -.049
-.272 1.000 -.071 .178 .131
.232 -.071 1.000 -.407* -.195
-.488** .178 -.407* 1.000 .231
-.049 .131 -.195 .231 1.000
-.031 -.082 -.105 .353* .011
.126 -.217 .270 -.235 -.134
.051 .208 .210 .151 -.049
-.235 -.217 .209 -.186 -.134
-.029 .053 .230 -.393* -.147
-.136 -.082 -.110 -.136 -.051
.318 -.082 -.110 -.136 -.051
-.136 .341* .170 -.136 -.051
-.109 -.048 -.613** .109 .171
Lycium
andersonii
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Table 4.8(H):  Non-parametric correlation coefficients of canopy characteristics are 
calculated as rho-values.  Cells in blue show significant negative relationships at the 
0.05 level, with rho-values of -0.45 or less.  Cells in orange show significant positive 
relationships at the 0.05 level, with rho-values of 0.45 or greater.
rho<-0.449999, Sig. at 0.05
rho>0.4499999, Sig. at 0.05
Canopy Clay
Canopy Silt


































Coleogyne Pleuraphis Hymenoclea Larrea
.237 -.255 -.321 -.026 .322
.061 -.530** -.222 -.140 .069
-.109 -.257 -.113 -.076 -.045
-.101 .524** .214 .179 .018
.073 .080 .039 .012 -.246
-.106 .530** .201 .167 -.079
.123 .003 -.175 .037 .144
.031 -.281 .027 -.342* -.158
-.098 -.194 .044 -.142 -.046
.170 -.288 -.033 -.198 -.055
-.102 -.044 -.080 .107 .046
.165 -.237 .117 -.236 -.084
.301 -.344* -.012 -.190 -.083
.255 -.353* .091 -.378* -.207
.096 -.349* .091 -.319 -.379*
.088 -.334* -.085 -.038 .016
.045 -.036 .137 -.389* -.133
.115 -.177 -.344* -.117 -.225
.204 -.099 .109 -.114 .069
.104 -.313 .204 -.336* -.137
.084 -.264 .164 -.208 -.090
-.025 -.285 -.104 -.139 -.103
.087 -.487** .092 -.418* -.266
.229 -.423* .145 -.299 -.128
.016 -.434** .108 -.441** -.299
.016 -.438** .004 -.349* -.350*
.223 -.206 .107 -.072 -.168
.282 -.304 .264 -.415* -.018
.229 -.423* .145 -.299 -.128
.050 .178 .012 .123 -.097
.117 -.255 .163 -.204 -.011
.130 -.204 .157 -.402* .018
-.047 .060 .204 -.081 .041
-.061 .088 .234 -.076 .096
-.018 .007 -.166 .342* .108
Lycium
andersonii
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Table 4.8(I):  Non-parametric correlation coefficients of canopy characteristics are 
calculated as rho-values.  Cells in blue show significant negative relationships at the 
0.05 level, with rho-values of -0.45 or less.  Cells in orange show significant positive 
relationships at the 0.05 level, with rho-values of 0.45 or greater.
rho<-0.449999, Sig. at 0.05































Dead Shrub Psorothamnus Menodora Krameria Encelia
.161 .154 .168 -.175 -.106
.223 .237 .312 -.035 -.329
-.339* -.034 -.153 .119 .295
-.001 -.055 -.261 .074 .037
-.156 -.108 -.215 -.108 .144
.090 -.075 -.150 -.075 -.082
-.082 .268 .171 .119 -.055
.123 .219 .208 -.131 -.127
-.407* .196 -.232 .106 .358*
-.380* .290 .185 -.157 .028
-.313 -.141 -.251 -.141 -.059
-.449** .103 -.328 .036 .313
.120 .273 .501** .193 .020
-.090 .253 -.111 -.038 .260
.186 -.402* -.026 .103 -.210
-.031 .126 .051 -.235 -.029
-.082 -.217 .208 -.217 .053
-.105 .270 .210 .209 .230
.353* -.235 .151 -.186 -.393*
.011 -.134 -.049 -.134 -.147
1.000 -.127 .150 .128 -.268
-.127 1.000 .282 .376* -.036
.150 .282 1.000 .037 -.149
.128 .376* .037 1.000 .164
-.268 -.036 -.149 .164 1.000
-.155 -.075 -.150 -.075 .294
-.065 -.075 -.150 -.075 -.082
-.130 -.075 .141 -.075 .271
-.164 .021 -.173 -.041 -.202
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Table 4.8(J):  Non-parametric correlation coefficients of canopy characteristics are 
calculated as rho-values.  Cells in blue show significant negative relationships at the 
0.05 level, with rho-values of -0.45 or less.  Cells in orange show significant positive 
relationships at the 0.05 level, with rho-values of 0.45 or greater.
rho<-0.449999, Sig. at 0.05
rho>0.4499999, Sig. at 0.05
Canopy Clay
Canopy Silt


































Dead Shrub Psorothamnus Menodora Krameria Encelia
.030 -.045 -.246 -.145 -.016
-.209 -.169 -.413* .007 .193
-.419* -.291 -.450** -.001 .246
.175 .045 .306 -.059 -.203
.386* .325 .431** .142 -.096
.169 .109 .382* -.041 -.178
.048 -.453** -.093 -.510** -.113
-.503** -.284 -.595** .034 .385*
-.247 -.286 -.376* -.016 .314
-.291 -.410* -.464** -.155 .268
.115 -.354* -.151 .020 .094
-.271 -.413* -.415* -.047 .346*
-.110 -.464** -.344* -.225 .260
.076 .032 -.048 .039 -.077
-.152 .105 .120 .074 -.049
-.053 -.433** -.314 -.099 .181
-.549** -.245 -.441** -.087 .465**
-.069 -.174 -.138 -.154 -.081
-.154 -.159 -.042 -.162 -.023
-.372* -.069 -.320 .073 .155
-.156 -.426** -.257 -.067 .210
-.234 .018 -.370* .111 -.034
-.437** -.039 -.399* .112 .352*
-.249 .162 -.227 .130 .285
-.444** -.101 -.379* .149 .244
-.339* -.046 -.359* .182 .176
-.100 .072 .146 .127 -.143
-.214 .078 -.231 .089 .421*
-.249 .162 -.227 .130 .285
.113 -.354* .088 -.182 -.054
-.156 -.307 -.411* .014 .310
.052 .191 -.113 .367* .372*
-.140 .004 -.196 .084 .031
-.248 -.008 -.191 -.005 .032
.481** .373* .467** .160 -.449**
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Table 4.8(K):  Non-parametric correlation coefficients of canopy characteristics are 
calculated as rho-values.  Cells in blue show significant negative relationships at the 
0.05 level, with rho-values of -0.45 or less.  Cells in orange show significant positive 
relationships at the 0.05 level, with rho-values of 0.45 or greater.
rho<-0.449999, Sig. at 0.05
































-.106 -.285 .016 .113
-.204 .155 -.253 -.278
.172 -.025 .074 .047
.177 .067 -.185 .011
.676** .717** -.041 -.244
-.029 -.029 -.029 .051
.090 .114 -.187 -.103
-.106 -.252 -.057 .033
.220 .016 .114 -.094
-.060 -.060 .522** .062
-.103 .216 -.103 .158
.220 .024 .138 -.020
-.157 .070 .165 -.476**
.244 -.016 -.187 -.120
-.106 .203 .049 .154
-.136 .318 -.136 -.109
-.082 -.082 .341* -.048
-.110 -.110 .170 -.613**
-.136 -.136 -.136 .109
-.051 -.051 -.051 .171
-.155 -.065 -.130 -.164
-.075 -.075 -.075 .021
-.150 -.150 .141 -.173
-.075 -.075 -.075 -.041
.294 -.082 .271 -.202
1.000 -.029 -.029 -.170
-.029 1.000 -.029 -.170
-.029 -.029 1.000 -.170
-.170 -.170 -.170 1.000
Eriogonum
fasciculatum
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Table 4.8(L):  Non-parametric correlation coefficients of canopy characteristics are 
calculated as rho-values.  Cells in blue show significant negative relationships at the 
0.05 level, with rho-values of -0.45 or less.  Cells in orange show significant positive 
relationships at the 0.05 level, with rho-values of 0.45 or greater.
rho<-0.449999, Sig. at 0.05
rho>0.4499999, Sig. at 0.05
Canopy Clay
Canopy Silt


































Tiquilia Krascheninnikovia Eriogonum f. Ambrosia
.203 -.024 -.057 .350*
.285 .073 -.089 .266
.106 -.024 .057 .232
-.285 -.024 .171 -.217
-.106 .057 -.252 -.220
-.268 -.057 .089 -.258
.236 .155 .041 -.027
.285 .220 .073 .000
.285 .138 .041 -.102
.187 .268 .024 .007
.041 -.089 .203 -.028
.122 .268 .073 -.109
.252 .268 -.008 -.120
.236 .203 -.236 -.154
.187 .268 -.089 -.268
.252 .268 -.089 -.132
.285 .089 .220 .034
.236 .187 -.155 .277
-.171 -.220 -.057 .228
.057 -.106 -.041 .156
.138 -.041 .024 -.124
-.073 .138 -.252 .196
.252 .122 -.024 .053
-.220 .089 .024 .140
.285 .155 -.024 -.029
.138 .155 -.106 .074
-.187 -.008 -.138 .054
.252 .024 .073 -.113
-.220 .089 .024 .140
-.074 -.041 -.286 -.049
.041 -.008 .106 -.047
.252 -.268 .057 -.134
.106 -.285 .155 -.101
.106 -.285 .155 -.121
-.269 -.090 -.236 .344*
          342
Table 4.9(A):  Non-parametric correlation coefficients of interspace characteristics are 
calculated as rho-values.  Cells in blue show significant negative relationships at the 
0.05 level, with rho-values of -0.45 or less.  Cells in orange show significant positive 
relationships at the 0.05 level, with rho-values of 0.45 or greater.
rho<-0.449999, Sig. at 0.05










Interspace Cyanobacteria 1.000 -.331* -.234 -.086
Interspace Moss -.331* 1.000 .724** .349*
Interspace Collema -.234 .724** 1.000 .586**
Interspace Placidium -.086 .349* .586** 1.000
Interspace Psora -.370* .017 .013 .119
Interspace Peltula -.019 .041 .111 .428**
Interspace Moss-Lichen -.242 .799** .967** .666**
Total BSC .516** .400* .608** .387*
Interspace Limestone -.501** -.296 -.336* -.154
270.482.910.-enotsdnaS ecapsretnI -.347*
662.080.-120.702.-ciclacorteP ecapsretnI
Interspace Total Rock -.559** -.203 -.328 -.060
462.-781.-961.eraB ecapsretnI -.465**
211.-022.-570.-990. rettiL tnalP ecapsretnI
Interspace Bromus -.206 .081 .356* .051
862.yalC ecapsretnI -.525** -.279 .110
710.251.-262.-tliS ecapsretnI .463**
Interspace Very Fine Sand -.215 .188 .312 .559**
150.-321.392.dnaS eniF ecapsretnI -.550**
481.-260.-101.180.- dnaS ecapsretnI
350.732.541.dnaS latoT ecapsretnI -.388*
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Table 4.9(B):  Non-parametric correlation coefficients of interspace characteristics are 
calculated as rho-values.  Cells in blue show significant negative relationships at the 
0.05 level, with rho-values of -0.45 or less.  Cells in orange show significant positive 
relationships at the 0.05 level, with rho-values of 0.45 or greater.
rho<-0.449999, Sig. at 0.05











902.-K ecapsretnI .378* .469** .428**
181.400.gM ecapsretnI .512** .450**
Interspace Ca -.432** .458** .554** .524**
410.nM ecapsretnI .416* .163 .141
213.-_eF ecapsretnI .343* .327 .395*
472.832.-iN ecapsretnI .422* .477**
262.uC ecapsretnI -.563** -.626** -.402*
610.-981.-151.990.nZ ecapsretnI
751.181.731.330.-oC ecapsretnI
Interspace B -.415* .458** .528** .428**
491.860.-710.-350.oM ecapsretnI
530.042.791.lC ecapsretnI .400*
Interspace SO4 -.137 .050 .121 .205
Interspace NO3 .014 -.133 -.044 .113
Interspace Extractable P -.417* .037 .150 .305
311.-710.Hp ecapsretnI -.491** -.519**
Interspace EC -.336* .473** .566** .596**
Interspace Total C -.521** .021 .059 .331*
Interspace Inorg. C -.553** -.107 -.089 .148
Interspace Organic C -.426** .156 .178 .413*
Interspace Total N -.410* .273 .390* .501**
601.-181.630.-420.- S latoT ecapsretnI
Interspace C:N Ratio -.404* -.094 -.221 -.033




Maximum Pinnacle Height -.168 .525** .710** .657**
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Table 4.9(C):  Non-parametric correlation coefficients of interspace characteristics are 
calculated as rho-values.  Cells in blue show significant negative relationships at the 
0.05 level, with rho-values of -0.45 or less.  Cells in orange show significant positive 
relationships at the 0.05 level, with rho-values of 0.45 or greater.
rho<-0.449999, Sig. at 0.05































-.370* -.019 -.242 .516**
.017 .041 .799** .400*
.013 .111 .967** .608**
.119 .428** .666** .387*
1.000 -.081 .006 -.248
-.081 1.000 .166 .104
.006 .166 1.000 .613**
-.248 .104 .613** 1.000
.293 -.109 -.362* -.801**
-.050 -.349* .099 .198
.244 .023 -.006 -.219
.273 -.017 -.306 -.837**
-.087 -.142 -.276 .029
.002 -.062 -.227 -.061
.149 .045 .224 .074
.187 -.047 -.311 -.156
.278 .080 .016 -.322
.109 .169 .326 .130
-.268 -.098 -.060 .320
-.205 -.069 -.056 -.167
-.252 -.055 .061 .301
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Table 4.9(D):  Non-parametric correlation coefficients of interspace characteristics are 
calculated as rho-values.  Cells in blue show significant negative relationships at the 
0.05 level, with rho-values of -0.45 or less.  Cells in orange show significant positive 
relationships at the 0.05 level, with rho-values of 0.45 or greater.
rho<-0.449999, Sig. at 0.05







































-.082 .164 -.021 .017
-.030 .303 .471** .328
.004 .378* .485** .447**
.186 .309 .581** .166
.082 .154 .241 .250
.149 .257 .381* .126
.140 .459** .420* .170
.118 -.155 -.644** -.329
.042 .233 -.115 -.010
.154 .256 .162 .133
-.022 .073 .547** .146
.113 .165 -.006 .116
-.217 .486** .194 .311
.042 .052 .132 -.020
.130 .124 -.031 -.022
.008 -.026 .168 -.129
-.070 -.150 -.457** -.384*
.102 .457** .615** .259
.124 .107 .093 -.471**
.243 .013 -.081 -.590**
.006 .123 .230 -.261
.037 .258 .399* -.046
-.144 .186 .097 .154
.181 -.128 -.189 -.649**
.243 .013 -.081 -.590**
-.119 .129 .075 .035
-.496** -.198 .045 .060
-.543** -.214 -.010 .026
.108 .328 .705** .498**
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Table 4.9(E):  Non-parametric correlation coefficients of interspace characteristics are 
calculated as rho-values.  Cells in blue show significant negative relationships at the 
0.05 level, with rho-values of -0.45 or less.  Cells in orange show significant positive 
relationships at the 0.05 level, with rho-values of 0.45 or greater.
rho<-0.449999, Sig. at 0.05































-.559** .169 .099 -.206
-.203 -.187 -.075 .081
-.328 -.264 -.220 .356*
-.060 -.465** -.112 .051
.273 -.087 .002 .149
-.017 -.142 -.062 .045
-.306 -.276 -.227 .224
-.837** .029 -.061 .074
.867** -.245 .087 -.021
-.303 .423* -.073 -.179
.468** -.450** -.217 -.284
1.000 -.360* -.042 -.207
-.360* 1.000 .046 -.219
-.042 .046 1.000 -.030
-.207 -.219 -.030 1.000
.352* -.243 -.097 -.178
.582** -.615** -.140 .051
.033 -.464** .141 .192
-.575** .597** .154 -.074
-.036 .251 -.089 .043
-.561** .569** .149 .002
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Table 4.9(F):  Non-parametric correlation coefficients of interspace characteristics are 
calculated as rho-values.  Cells in blue show significant negative relationships at the 
0.05 level, with rho-values of -0.45 or less.  Cells in orange show significant positive 
relationships at the 0.05 level, with rho-values of 0.45 or greater.
rho<-0.449999, Sig. at 0.05







































-.015 .037 .031 -.056
-.322 -.171 .045 .411*
-.402* -.096 -.178 .482**
-.028 -.439** -.232 .375*
-.237 -.107 -.042 .072
-.076 -.317 -.282 .230
-.076 -.423* -.332* .440**
.277 .035 -.017 -.286
-.062 -.121 -.083 -.115
-.145 -.207 -.364* .354*
.009 -.397* -.056 .216
-.039 -.259 -.171 .086
-.184 -.240 .141 -.291
.041 -.117 -.086 .041
-.144 -.018 -.067 .340*
.319 -.256 .096 -.079
.227 .054 .130 -.229
-.170 -.300 -.122 .340*
.623** -.464** .009 .115
.710** -.350* -.009 .110
.388* -.415* .042 .083
.147 -.417* .160 .341*
-.203 .062 .323 .334*
.736** -.308 -.190 -.102
.710** -.350* -.009 .110
.038 .149 -.338* -.058
-.022 .174 .078 -.269
.009 .183 .107 -.355*
-.327 -.306 -.066 .278
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Table 4.10:  Parametric correlation coefficients of soil characteristics are calculated as 
Pearson’s R-values in areas where interspaces have >52.9% total rock cover.  Cells in 
blue show significant negative relationships at the 0.05 level, with R-values of -0.45 or 
less.  Cells in orange show significant positive relationships at the 0.05 level, with 








Interspace Moss-Lichen 1.000** .831** -.527
Interspace Total BSC .831** 1.000** -.796**
Interspace Total Rock -.527 -.796** 1.000**
Interspace Organic C .051 .170 -.576*
053.-233.-uC ecapsretnI .629*
Pearson's R <-0.449999, Sig. at 0.05
Pearson's R >0.4499999, Sig. at 0.05
Parametric Product Moment Correlation Coefficients
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Table 4.11:  Non-parametric correlation coefficients of soil characteristics are calculated 
as rho-values in areas where interspaces have >52.9% total rock cover.  Cells in blue 
show significant negative relationships at the 0.05 level, with rho-values of -0.45 or less.
Cells in orange show significant positive relationships at the 0.05 level, with rho-values 
of 0.45 or greater.  No significant canopy correlations were found in these analyses.  
rho<-0.449999, Sig. at 0.05









Interspace Moss-Lichen -.360 1.000 .813** -.490
Interspace Total BSC -.590* .813** 1.000 -.729**
Interspace Total Rock .343 -.490 -.729** 1.000
Interspace pH .645* -.264 -.558* .394
Interspace Organic C -.493 .016 .280 -.600*
Interspace Mn .615* .176 -.115 .135
192.-434.-081.uC ecapsretnI .619*
Interspace Zn .604* .027 -.269 .388
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Appendix 2(A):  Upper BES image shows authigenic mineral precipitates (white) 
accumulating inside a gelatinous lichen thallus (Scale 0.05 mm). (An arrow marks outer 
edge of the lichen thallus (l).  Epoxy (e) shows up a darker tones.)  Note the precipitates 
accumulate along fissures or cracks in the lichen thalli.  EDS data were collected at the
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Appendix 2(B):  Upper BES image shows authigenic mineral precipitates (white) 
accumulating along outer edges of filaments (Scale 0.01 mm). (An arrow marks outer 
edge of one filament (f).  Epoxy (e) surrounds filaments.)  EDS data were collected at 
the     .  The lower EDS plot indicates this precipitate contains high amounts of Ca and 
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Appendix 2(C):  Upper BES image shows authigenic mineral precipitates (p, white 
tones) that have accumulated along the outer edge of a squamulose lichen (Scale 0.01 
mm). The precipitates are primarily calcium carbonate.  However, the EDS data 
collected at the      indicate a small inclusion of another mineral.  The lower EDS plot 
suggests this grain may be barite.  The origin of this crystal and its mineralogy have not 
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APPENDIX 3 
BIOLOGICAL SOIL CRUST MAP 

































Muddy Mts. Wilderness, NV
BSC Map Units
Bare: Active Channel
CB.1: High Density Cyanobacteria-Bare Crusts in Sandy Soils 
CB.2: High Density Cyanobacteria-Bare Crusts, Moderate Density Short Moss-Lichen Crusts in Sandy Soils
CB.3: Variable Density Cyanobacteria-Bare Crusts, Variable Density Short Moss-Lichen Crusts, Variable Rock Cover, Adjacent to Active Washes 
LIME: Limestone
ML.1: High Density Tall Moss-Lichen Pinnacled Crusts in Sandy Soil with Low Rock Cover
ML.1: High Density Tall Moss-Lichen Pinnacled Crusts in Sandy Soil with Low Rock Cover
ML.3: High Density Tall Moss-Lichen Pinnacled Crusts in Shallow Soils over Bedrock
ORV Trails: Decommissioned Roads and ORV Tracks
R.1: Moderate Density Tall Moss-Lichen Pinnacled Crusts with High Density, Poorly Interlocking Pavement Cover
R.2: Moderate Density Tall Moss-Lichen Pinnacled Crusts with High Density, Moderately Interlocking Pavement Cover 
R.3: Low to Moderate Density Tall Moss-Lichen Pinnacled Crusts with High Density, Moderately Interlocking Limestone-Petrocalcic Pavement Cover on Elevated Surfaces
R.4: Low to Moderate Density Tall Moss-Lichen Pinnacled Crusts  with High Density, Rock Cover on Steep Slopes
AZ: Aztec Sandstone










Appendix 3:  The BSC map of Hidden Valley delineates unique distributions of 
cyanobacteria crusts, moss-lichen crusts, and surface characteristics.  See full-sized 
map (attached) and complete map unit descriptions (Chapter 3) for more detail.  
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APPENDIX 4 
GEOMORPHIC MAP 










































Appendix 4:  The geomorphic map delineates geomorphic surfaces within a 
subregion of Hidden Valley.  See full-sized map (attached) and complete map unit 
descriptions (Chapter 3) for more detail.  
N
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